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STRATEGIZING OF ECONOMIC SYSTEMS DIGITAL
TRANSFORMATION: A DRIVER ON INNOVATIVE DEVELOPMENT

D.M. Zhuravlev', V.V. Glukhov?
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The main directions of the regional economy advanced development include the stimulation of
small and medium business, import substitution policy, improvement of the professional qualities of
the economically active population, and development of a favorable environment in the interaction
of business and government. However, in modern conditions, a new driver of economic growth is
needed: the digital transformation. For successful transformations, resulting in a significant increase
of efficiency, clearly defined goals and business objectives are required, i.e., the available strategy,
implementation of which is realized in the need to achieve a specific state of the economic system,
in which its development is ensured through synchronization with national, regional and sectoral
priorities. Moreover, along with the preparedness to strategizing, an appropriate external environment
is essential, presuming the capabilities of the regional economic system to support innovation. The
article presents the authors’ approach to the problems of analyzing the processes underlying the regional
economy. A purposely designed toolkit consisting of economic and mathematical models, databases,
and applied software is aimed to intensify the framework of studying the regional economy development
management. The example of the socio-economic system of St. Petersburg enabled to carry out a
comprehensive assessment of the consistency of the regional economy in the formation of a favorable
business environment for economic entities at the initial stage of digital transformation. The result of the
study is the substantiation of the provisions that to reduce the risks of stagnation in economic growth,
support of the leading regional enterprises is essential, which act as the leaders of progress, introducing
capital-intensive technologies, and conducting digital business transformation. Availability of such
poles of growth reduces the barrier in terms of accessing digital technologies for small and medium
businesses, thereby ensuring the sustainability and competitiveness of the region as a whole. The paper
made it clear that the key to the successful digital transformation is the creation of IT ecosystems that
implement the concept of a systematic approach to decision-making in business management, applying
knowledge economy technologies, such as predictive analytics, artificial intelligence, big data, cloud
computing, etc. Recommendations for the generating of unified information space in the concept of a
digital enterprise are provided.

Keywords: information system, planning, forecasting, regional economy, development strategy,
change management, digital platform, digital transformation, digital twin
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CTPATETMPOBAHUE LLUDGPOBOWU TPAHCHOOPMALLUU
3KOHOMUYECKUX CUCTEM KAK APAUBEP
MHHOBALIUOHHOIO PA3BUTUA

Xypasnes A.M.', Tnyxos B.B.2
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! Hay4Ho-uccnenoBaTenbCckuin MHCTUTYT CoumanbHbix CUcTeM
npu MY um. M.B. JTomoHocoBa, MockBa, Poccuiickast deaepaums;

2 CaHKT-TeTepbyprckuii nonuTexHUYeckuin yHusepcuteT Metpa Benunkoro,
CaHkT-MeTepbypr, Poccuitickas deaepaums

B xauecTBe OCHOBHBIX HallpaBJACHUI ONEPEKAIOLLEro Pa3BUTUSI PETMOHAIbHONW SKOHOMUKHU BbI-
JIEeJISIIOTCS CTUMYJIMPOBaHKME MaJIOTO U CPEIHEro MpearpuHUMAaTeIbCTBa, MOJUTUKA UMIIOPTO3aMe-
LIEHUSI, TOBbILIEHKE MPOGhECCUOHAIBHBIX KAYECTB aKTUBHOM YaCTH 3aHSTHIX rpaxaaH, (hoOpMUpOBa-
HUeE 61aTOMPUSITHOTO OKPYKEHUS TIPU B3auMOAeicTBUM OM3Heca 1 BiacTu. OTHAKO B COBPEMEHHBIX
YCIOBUSIX HEOOXOMWM HOBBIN IpaiiBep 3KOHOMMYECKOTO pPOCTa, KOTOPBIM SIBIseTCS LMdpOBas
TpaHchopmaius. g ycneuHoro nposeneHust npeodpa3oBaHUil, pe3ybTaTOM KOTOPbIX SIBJISETCS
cyllleCTBEHHOE MoBbIeHUe 3G GhEKTUBHOCTH, HEOOXOIUMBI YETKO C(hopMyTupoBaHHas 11ejb U O13-
Hec-3aJa4yu, TO €CTb HaJlUuKMe CTpaTeruu, CMbICI peaiu3alui KOTOPOl COCTOUT B HEOOXOIUMOCTH
JIOCTUKEHUST TAKOTO COCTOSIHUSI SKOHOMMYECKOU CUCTEeMBbI, TIPU KOTOPOM €€ pa3BUTHE OyaeT obe-
CTIEYMBATHCST YePe3 CMHXPOHU3AIINIO C OOIIEroCcy1apCTBEHHBIMU, PETUOHATBLHBIMU W OTPACIeBBIMU
MPUOPUTETHBIMH LieJIsIMU. [1pr 3TOM, KpOME TOTOBHOCTH CAMOTO 00bEeKTa CTPaTeTUPOBAHUST, HEO00-
XOJAMMO HaJlMure COOTBETCTBYIOIIETO BHEITHETO OKPYXKEHMUSI, TO €CTh BO3MOXHOCTE pernoHalbHOM
9KOHOMUYECKOI CUCTEMBI MO MOANepKKe MHHOBaIM. B cTaThe mpeacTaBieH aBTOPCKUIA MOIXOM K
pELIEHUIO 3a/lay aHaJliu3a MPOLeCCOB, COCTABISIONIMX OCHOBY pErMoHalbHON 3KOHOMUKU. Pa3pa-
0OTaH COOTBETCTBYIOLIMI MHCTPYMEHTapUil (3KOHOMUKO-MaTeMaThuuecKasi MOfiesib, 0a3a JaHHbIX U
MPUKJIaHOE TIPOTpaMMHOe 00ecTieueHIE ), YCUITUBAIONINI artrapaT UCCIeTI0OBaHUS TPOOJIeM yIipaB-
JICHUS pa3BUTHEM PeTMOHAJIbHON 3KOHOMUKHU. Ha nmpumepe connanibHO-3KOHOMUYECKON CUCTEMBbI
Cankr-IleTepOypra npoBeneHa KOMIUIEKCHAsI OLIEHKA COCTOSATEbHOCTH 9KOHOMMKHU PEruoHa 1o
(bopmMupoBaHUIO GJIATOMPUATHOTO OU3HEC-OKPYXKEHUS [T XO3SIMCTBYIOIIMX CYOBEKTOB, HAXOMIsI-
IIMXCS HAa HavaJbHOM 3Tare HudpoBoil TpaHchopmauu. PesynbraToM ucciienoBaHUS SIBJISIETCS
000CHOBaHME TOJOXEHU, YTO JUISI CHUXKEHUSI PUCKOB CTarHalMu 9KOHOMUYECKOI0 pocTa, HeoO-
XOJIUMa TTOAJIepKKa BEAYIINX PETMOHATbHBIX TIPEANPUITUIL — JTUAEPOB MpOrpecca, BHEAPSIONINX
KaIlMTaJI0eMKHE TEXHOJOTUN U MPOBOASIIMX LU(pPpOBYIO TpaHCcpopmanuio 6uzHeca. Hanuuue mo-
JOOHBIX MOJIIOCOB POCTA TTO3BOJIMT CHU3UTD 0apbep NocTyma K UGPOBBIM TEXHOJOTUSIM JJISI MAJIOTO
U cpelHero 6u3Heca, 00ecrneymB TeM CaMbIM YCTOMUYMBOCTh M KOHKYPEHTOCTIOCOOHOCTh pernoHa B
enoM. ITokazaHo, 4TO 3aJIOrOM YCIEIIHOCTH TpoBeAecHUs HU(pPoBOil TpaHCHOPMALIMU SBIISIETCS
co3nanue MT-akocucTeM, peaim3yoIUX KOHLUETIMIO CUCTEMHOTO TOAX0Aa K NMPUHSITUIO pellie-
HU 11O YIIPaBJICHUIO OM3HECOM, UCTIONB3Y JUISl 3TOTO TEXHOJOTMU SKOHOMUKHM 3HaHWH, TaKWe KaK
MpeIUKTUBHAS aHAJIMTUKA, UCKYCCTBEHHBIM MHTEJIEKT, OOJIbIITNE NTaHHbBIE, 00JIauHbIe BEIYMCICHUS
u 1ip. JlaHbl MpakTUYeCKue peKOMEHIauu o GOpMUPOBAHUIO €NMHOTO MHGOPMAIIMOHHOTO MPO-
CTPAHCTBA B KOHLEMLMU LUPPOBOTO NPEAIPUSITHSL.

Kirouessbie cioBa: nHhopmalMoHHas cuctema, TulaHMPOBaHUE, TTPOTHO3MPOBAHUE, PErMOHAIbHAS
9KOHOMMKA, CTpaTerus pa3BUTHs, yIIpaBlIeHUEe Ipeo0pa3oBaHUsIMU, IKdpoBas iatdpopMa, nudpoBas
TpaHchopMalys, HUGPOBOM IBOMHUK
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Introduction

The global economy has recently been undergoing significant structural changes, resulting in a gradual
abandonment of technologies, involving unskilled labor and high operating costs, to support production
and business processes (management, logistics, sales, warehousing, maintenance). The emphasis is on
capital-intensive production fit to operate almost automatically and focused on the production with high
added value by minimizing operating costs. The reason for this is the drastic growth of so-called high tech-
nologies based on digital data processing (collection, analysis, modeling, forecasting, process control, etc.)
and the possibility of obtaining energy from renewable sources (green power industry) [1]. New means of
payment, such as cryptocurrency, are emerging along with different types and methods of communication
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embedded in production processes. Taken together, this leads to the need to revise the existing industrial
and social relations, develop new strategies and actualize the features of socio-economic development, en-
suring sustainable economic growth [2]. Moreover, considering the peculiarities of the Russian economy,
these tasks should be solved mainly at the regional level since the federal level deals with global goal-setting
(national projects), legal regulation (favorable business environment), general management, and control
over the fulfillment of social obligations. The subjects of the Russian Federation fully participating in eco-
nomic, business, political, and financial relations are meant to be the flagships of the national economy.
Those regions with historically the most favorable conditions, obtaining sufficient raw material and human
resources potential, should act as innovators, that is, to guide new technologies that have been tested in
leading regional enterprises and recognized suitable for scaling and replication. This condition is essential
to equalize the socio-economic situation in the regions and to ensure equal conditions and quality of life
for citizens, regardless of their place of residence.

The implementation of the announced approach leads to the need for a radical restructuring (digital
transformation) of technological processes and principles of management of large industrial enterprises,
being the drivers of economic growth and the basis for the development of small and medium businesses.
Digital transformation for enterprises striving both to maintain their positions in the market and to create
a background for long-term development means:

1. A growth pole that ensures business diversification by stimulating the creation of new products,
facilities, and services through digital technologies, possessing the adaptive and integration capabilities
significantly higher than traditional ones [3].

2. The possibility of obtaining added value by optimizing business processes at all levels, reducing
non-productive costs, increasing labor productivity, and extensively use the digital competencies of per-
sonnel [4].

3. Early arrangement of conditions for gaining access and conflict-free implementation of emerging
new and complementary technologies [5, 6].

The list of national specialists whose work is devoted to assessing the level of socio-economic devel-
opment and the region’s readiness for transformations, studying the conditions and limitations of digi-
tal transformation, includes the names of such researchers as M.Yu. Arkhipova [7], L.G. Matveeva [8],
I.V. Mitrofanova [9], A.A. Urasova [10], and others. Statements about the need to identify and take into
account the set of influencing and stimulating factors in the formation of strategies and rules of behavior in
competitive markets of economic entities are found in V.V. Akberdina [11], E.V. Balatsky [12], G.V. Kor-
ovin [13]. The basic principles underlined by new economic categories, such as the informational capacity
of employment of the population, digital competencies of personnel, workplace information components
that determine the strategy formation approaches to the involvement of the population in the digital econ-
omy, are stated by I.V. Novikova [14].

It should be noted that to achieve a complete process of digital transformation, well-defined tasks and
business objectives are required. This presumes an available strategy, the implementation purpose of which
is to ensure the enterprise development in synchronization with national, regional, and sectoral priority
goals. Therefore, before planning and implementing any digital transformation projects, it is essential first
to make sure that the enterprise itself is ready to uptake innovations and its environment also meets the
stated goals and objectives.

Purpose

All of the above enabled defining the goal of this study: the development of theoretical and method-
ological provisions for strategizing the digital transformation of economic systems that determine their
propensity for transformation and form the priority directions of advanced development.

Achievement of this goal provides for the solution of the following tasks:

— analysis of modern scientific literature on the subject of research;
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— development of a conceptual model of the digital twin of the regional economic system with the
institutionalization of indices (measurable indicators) that objectively reflect the state of its economic pro-
cesses;

— assessment of readiness of the regional economy to create a favorable business environment for en-
terprises at the stage of digital transformation and preparing standard recommendations for them on devel-
oping an IT architecture to be the background of business management in a digital economy.

The object of the research is the socio-economic system of the constituent entity of the Russian Fed-
eration. The subject of the research is the processes of strategizing the digital transformation of economic
systems.

The study is carried out on the example of St. Petersburg, which is of great strategic importance for the
industrial and innovative development of both the Northwestern Federal District, in particular, and the
Russian Federation as a whole.

Methodology

The relevance of studying the problems associated with the digitalization of the economy and its im-
pact on the growth of social welfare, the importance of developing the theoretical and methodological
foundations of change management, the role and significance of process innovations are noted by Russian
(L.M. Borshch [15], T.V. Kramin [16], N.M. Rumyantsev [17], A.l. Tatarkin [18]) and foreign authors
(J. Fagerberg [19], D. Kucera [20], R. Pradhan [21]). Concerning the development of strategic directions
for the advanced development of socio-economic systems, the empirical basis of this study is the work of
V.L. Kvint, who summarized the rules of strategic thinking and founded the Russian scientific school of
theory of strategy, methodology, and strategizing practice. The basic postulate of the modern theory of
strategy states that the availability of strategy is not really as important as its support with the relevant re-
sources in all priority areas (development plants) [22].

The study of the works of these researchers leads to the conclusion that the readiness of the regional
economy for transformation is determined by the consistency of the underlying systemic economic pro-
cesses (development of transport and telecommunications infrastructure; the level of social support for the
population; the number and quality of the economically active population; regulatory and legal support
for business, the ability of enterprises to perceive innovations, etc.), and most importantly, the presence of
a strategy presuming logically arranged and justified activities, synchronized in time and available resourc-
es. This postulate is a principle for all program documents, from the regional development strategy to the
micro-enterprise strategy.

According to the world [23, 24] and domestic [25, 26] practice, for the formation of a strategy adequate
to the goals and objectives of digital transformation, special tools are required that can identify and propose
challenging schemes of advanced development for the need of accelerated digitalization of the economy.
Such a toolkit may include an intelligent software package (strategist’s office), the functionality of which
would be sufficient to build a model (digital twin) of the region, considering its institutional, resource,
social, technological, and other conditions. With the help of such a digital twin, by conducting experi-
ments on it, mechanisms for triggering economic growth can be determined and justified for each specific
regional economic system.

A regional economic system, like any other complex object, consists of a certain set of interacting pro-
cesses, each of which can be formalized employing a mathematical function (fi) (Fig. 1). The set of local
functions fi is the digital twin (F) of the system under study.

Input data are resources (factors x,), the transformation of which in the process of implementation
leads to a change in the target state of the regional economic system (an increase in the share of innovative
products in GRP, in the number of jobs, in value added, etc.). The change in the target state is monitored
through the corresponding indicators y,.

10
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Parametric analysis of X and Y dependencies enables the formation of relationships between factor (X)
and indicator (), reflecting the nature of the studied processes. By feeding the set values X, to the input of
the digital twin, the predicted results ¥, can be obtained at the output. When the parameters of the “digital
twin” change, there is an opportunity to set goals and predict the course of a certain economic process,
thus the strategizing is implemented.

The regional economic system can be generally characterized by several systemic economic processes;
institutionalization allows identifying measurable development goals of the constituent entity of the Rus-
sian Federation and establish the relationship between controlled factors' and indicators? (Table 1).

Table 1. List and characteristics of systemic economic processes
that form the basis of the region’s economy

Economic process Brief summary

— determines the quality of work of the public administration institutions system,

1. Institutional environment . . .
represented by the effective formation of the gross regional product

2. Basic education, Healthcare, — evaluates the effectiveness of education management, quality, and comfort of the life of
Social protection the population as the basis of its professional, labor, and reproductive potential

— reflects the quality of spatial planning and the achieved logistic connectivity of the
3. Transport infrastructure region as an effective system for the transfer of goods, works, production forces, and
services

— characterizes the features of the current state of the region’s economy in terms of
budget balance, reflects the financial potential of the regional government, guarantees the
provision of state and municipal services, and, in general, forms the image characteristics
of the region, the business climate, and attractiveness for business

4. Microeconomic environment consistency

— distinguishes the attractiveness of labor activity in the region and assesses its potential

5. Labor market efficienc . .
Y as a center of attraction for qualified labor resources

— reflects the nature of consumer behavior of the active part of the population according

6. Financial market . .. . .
to its focus and ability to good independent investment development

— reflects the region’s ability to create high-tech industries and attract qualified labor

7. Higher education and advanced training
resources

— determines the readiness of the economy for the innovations conversion, the
modernization of existing technologies, and the introduction of new ones, that is,
the readiness of subjects of economic activity to realize commercial, organizational,
personnel, production, technical, and innovative potentials

8. Technological development

— characterizes the region’s capability to increase and scale up sales and consumption

9. Interregional trade . . ..
g markets by increasing labor productivity

— reflects the region’s ability to create and commercialize new technologies and

10. Innovative capacit; . . .
pacity industries, expand the range of products, goods and services

Source: Authors

To describe the mathematical dependence, a paired linear approximation of the dependence of indi-
cators (Y) on controllable factors (X) was used with an additive consideration of the random component.
Economic analysis of processes is carried out using multi-composition “factor-indicator” couples, where
factor (X) is an indicator directly controlled by regional authorities, and indicator (Y) shows mainly the
macroeconomic quality and the process dynamics, such as growth or decline in labor productivity in the
region, the dynamics of the gross regional product, or the budget income index [27].

The constructed model of the regional economic system allows differentiating the possibilities of eco-
nomic growth by the contributions of the individual processes into the total value, identifying and tracking
both long-term and short-term changes. In practice, the modeling processes are implemented using spe-

! A factor is a controllable parameter, the change of which leads to the achievement of the strategic goals of the region.
2 An indicator is a resulting parameter that reflects changes in the economic process due to a change in the related factor.

11
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X

Xn ~ fa

Fig. 1. Model of the regional economic system
Source: Authors

cial software “Forecasting and analytical system for strategizing the socio-economic development of the
subjects of the Russian Federation” [28].

Results

Calculations proved the correctness of the processes proposed for describing the regional economic
system, based on the official data of the Federal State Statistics Service for 2007—2019 (see Table 1). To
determine the consistency of the economic processes under consideration, an algorithm was used to assess
the list of threshold values of the main standard indicators of correlation and regression analysis, which
characterizes the accuracy and statistical validity of the applied approximations of the “factor-indicator”
dependence. The calculation results for St. Petersburg are presented in Table 2.

In general, a comprehensive analysis of all processes that make up the basis of the socio-economic
system of St. Petersburg (Fig. 2) leads to a conclusion about its orderly and systematic development, the
capability to provide a favorable business climate for those business entities that plan to start the digital
business transformation.

The calculations prove that the overwhelming number of processes that make up the basis of the econ-
omy of St. Petersburg is ahead of the average level of similar processes development in the constituent
entities of the Russian Federation included in the North-West Federal District.

This state of affairs testifies to the extremely high degree of readiness of the regional economic entities
to start mastering the existing innovative development potential (in particular, the process “Technological
development” is 39% ahead of the average level in the federal district, the process “Innovative capacity” is
141%, and “Transport infrastructure” is 34% respectively). At the same time, such state of affairs obviously
has a downside, since, with an unfavorable development of the situation (economic crisis and/or worsen-
ing of the epidemiological situation), the macroeconomic indicators of the region may tend to decrease
due to changes in consumer preferences, the outflow of qualified personnel and a decrease in investment
necessary to support the continuity of innovatization.

To reduce the mentioned risks, regional technological enterprises in a crisis and post-crisis situation
should become the conductors of digital technologies for small and medium businesses which experience
certain difficulties in acquiring and mastering innovations, also because of their high initial cost threshold.
In other words, leading regional enterprises must take on the leadership of introducing and testing digital
technologies, going through all stages of digital transformation, and thereby preparing a bridgehead in the
region for large-scale digitalization of the economy. They should become an example and technologies
contributor for supporting small and medium-sized enterprises, which can significantly increase their ef-
ficiency by reducing transaction costs and introducing modern technologies and management methods. It

12
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Fig. 2. Development indices of system processes in St. Petersburg relative to the average level
of the constituent entities of the Russian Federation included in the North-West Federal District
Source: Authors

is necessary to start small, applying the available positive experience of digital transformation, using proven
methods and technologies [29].

Among processes that are the most indicative and specifying the state and capabilities of the regional
economic system of St. Petersburg, speaking about the implementation of professional competencies of
the active part of the population regarding their applications for the sustainable advanced development of
the territory, “Higher education and advanced training” and “Innovative capacity” are selected. These
processes are decisive in terms of the formation and motivation of citizens capable of perceiving innova-
tions and acquiring additional (digital) competencies necessary for the implementation of digital transfor-
mation procedures for both industrial and social relations.

1. “Higher education and advanced training”

Factor X is the share of spending on technological innovation, determined by the ratio of annual ex-
penditures on technological innovations to the annual volume of investments in the capital stock. Factor
management is formed by the need to attract a highly qualified workforce for the development of new jobs
required from certain digital competencies.

Indicator ¥ means the number of employed people with higher education per 10 employees.

The process under consideration, along with the “Labor market efficiency”, represents a kind of em-
ployment adjustment.

The estimated parameters of the process are shown in Fig. 3.

Analysis of the diagram from Fig. 2 demonstrates that the end of 2019 in St. Petersburg was marked
by a significant increase in the share of technological innovation spending (for example, by 20% in com-
parison to 2017). At the same time, there was a decline in the number of employed personnel with higher
education by 2.5% (out of 10 employees). This situation suggests that enterprises producing innovative
goods and services experienced a decrease in operating costs and an increase in added value (a significant
role belonged to the competence of employees and labor productivity). This indicates that the situation is

13
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under control despite the depreciation of the ruble, and the import substitution program is being success-
fully implemented.

Table 2. Data on the assessment of the consistency of economic processes
that simulate the socio-economic system of St. Petersburg

Correlation Approximation
Economic process Factor, X Indicator, Y . ! pproximat
coefficient, ny error, E,
Basic economic processes
Institutional environment Regional Public administration .GRP formation efficiency 077 261
Cost Index index
Basic education, Healthcare, Regional budget spending index Standard index of gross 0.72 408
Social protection for the social block regional product ’ ’
Transport infrastructure Density of public hard surface Sta‘ndard index of gross 0.56 210
road regional product
Microeconomic environment | Regional budget gross spending Regional budget gross 0.97 314
consistency index income index ’ ’

Index of regional budget expendi-
Labor market efficiency & . g P Average wage index 0.73 3.37
tures on the national economy

Share of regional budget
& & Credit exposure index of

Financial market expenditures under the na- o 0.80 14.20
. . employed individuals
tional economy item

Economic processes of advanced development

Number of employees with
higher education per 0.72 3.14
10 employees

Higher education and Share of spending on
advanced training technological innovations

. . The ratio of the produced
Share of costs for information and GRP to the volume of total

Technological development communication technologies in 0.86 8.02

. . . (annual) investments into
total investment into capital stock .
capital stock

Average annual foreign

Interregional trade Foreign trade turnover index exchange labor productivity 0.90 6.17
index
Innovative capacity Technological innovations cost The share of innovative 0.96 15.24

index products, works, services

2. “Innovative capacity”

Factor X is the cost index for technological innovation, which is the ratio of the cost of technological
innovation to the average annual number of employed citizens, modified to the average annual US dollar
exchange rate. Factor X characterizes the investment activity of all regional economic entities in terms of
implementation of technological innovations, directly or indirectly stimulated by the regional authorities.
Indicator Y shows the share of goods, works, and services produced in % of the total volume of goods
shipped, works performed, services rendered in the region for a calendar year.

The process under consideration, along with “Technological development”, is significant in terms of
the formation of structural shifts in the economy, which determine the opportunities and capabilities of the
overwhelming majority of economic entities for digital transformation.

The estimated parameters of the process are shown in Fig. 4.

Model visualization confirms that considered economic processes in St. Petersburg are valid from the
viewpoint of the correctness of the formalization of the indices used to describe them. If necessary, to
further analyze the influence of the components of factor X on the result of process Y, indicators can be
detailed to develop the most appropriate management decisions (activities).

14
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Fig. 4. Change in the controlled factor X and the resulting indicator Y'in the period under review from 2007 to 2019
Source: Authors

In general, the results obtained are consistent with the main directions of the advanced development
of the city, enshrined in a regulatory document — the Strategy of Social and Economic Development of
St. Petersburg up to 2035, approved by the Law No. 771-164 of St. Petersburg dated December 19, 2018
(as amended on November 26, 2020), which defines goals and priorities, as well as formed indicators char-
acterizing the degree of their achievement. The main factors that ensure the innovation of the region are:
stimulation of the production of high-tech products and services, the growth of investment in human cap-
ital, and the digital transformation of the economy. Development based on the principles of digitalization
of the economy is recognized as decisive in all spheres of socio-economic activity, increasing competitive-
ness and ensuring progressive economic growth.
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Nevertheless, using the methodological approaches proposed in this article for a retrospective assess-
ment of the macroeconomic state of the city of St. Petersburg allows a more reasonable proposition of a
system of priority long-term targets. Although assessment of the quality of the current strategy is not the
purpose of this study, based on the results of an extended and detailed analysis, certain recommendations
can be issued on goal-setting and clarification of the priority directions of the city’s development.

Discussion

One of the practical recommendations, useful for enterprises in the real sector of the economy plan-
ning to carry out the digital business transformation, is the creation of a digital I'T ecosystem (digital plat-
form), which performs the key function in successful transformations. Working with a digital platform is
a recognized trend at the current stage of engineering, technology, and industrial and economic relations
development. It seems that all business processes of the production life cycle, without exception, should be
implemented using digital data and digital infrastructure in a unified information space (Fig. 5).

A technologically unified information space of an enterprise can be defined as a set of integrated ap-
plications that comprehensively support all the main business processes of operating and commercial ac-
tivities, accounting procedures, customer relationship management, planning and forecasting, budgeting,
management of regulatory and reference information, and also provide data exchange between all services.

The connecting link of the applications is the corporate process and content management system,
which in the target functional IT ecosystem is positioned as a single window to the catalog of “internal
services” of the enterprise, as well as as a tool for the operational work of managers and personnel when
performing daily routine operations and assignments. In fact, this is an umbrella system, for it covers all
the needs for obtaining and processing information essential for making decisions from the level of the
general director to the personnel of the shop (branch), and is built-up on the principles of continuity of
management and information processes.

Fig. 6 schematically shows a model of economic effects in the digital transformation of an enterprise,
technologically based on the IT ecosystem, the integrating link of which is the corporate process and con-
tent management system.

Relationship

management /
/

-

~ L

Contracts and
agreements.

Accounting
% Objects an

Operational processes
monitoring
management

Corporate
management

Seamless
integration

Fig. 5. Unified information space of a digital enterprise
Source: Authors
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Fig. 6. Model of economic effects in digital transformation
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The key point that determines the success of the digital transformation is the ability of top manage-
ment, following the developed strategy, to ensure an effective combination of employee competencies with
innovative technologies in the process of transforming the production life cycle. In other words, the digital
transformation strategy requires the designing of a separate, maximally detailed program for the creation
and development of human resources (target motivation, advanced training of elder personnel, acceptance
of the values of corporate culture, etc.). In this regard, it is necessary to separately note the change in the
behavior patterns of the most active part of the population aged 20 to 35 years, where often, thanks to
developed communications and the possibility of obtaining information, consumer values are re-estimat-
ed. For example, the opportunity to gain practical experience and build a positive resume for subsequent
career growth may outweigh the value of the current material reward. Such trends in the formation of an
active innovative style and susceptibility to constant changes should be monitored in the labor market, first
of all, to attract talent. They should become one of the key factors in attracting capable young people to
implement a long-term development strategy at the corporate and regional levels.

Conclusion

1. The applied model of the socio-economic system of a constituent entity of the Russian Federation
is proposed for carrying out a systematic analysis of its macroeconomic indicators, which is necessary,
firstly, to conduct a comprehensive assessment of the regions readiness for transformations towards the
digitalization of the economy, and secondly, for reasonable goal-setting and determination priority areas
of development for strategizing.

2. The example of St. Petersburg city shows that the decisive role in the process of the digital transfor-
mation of business should be taken by city-forming enterprises that have the appropriate infrastructure and
the necessary resources, primarily qualified personnel.

3. The basis of the planned transformations of economic systems are IT ecosystems (digital platforms)
that realize an integrated approach to management decisions using knowledge economy technologies such
as predictive analytics, artificial intelligence, big data, cloud computing, etc. The best management deci-
sions may only be taken, if the persons who undertake them and participate in the preparation have access
to verified, relevant and structured information from reliable independent sources.
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4. The main component of a digital transformation solution is a strategy, the completeness, quality, va-
lidity, and adequacy of which determines the effectiveness and success of not only the planned transforma-
tions, but the entire work as a whole. An enterprise digital transformation strategy should include full-scale
marketing research, analysis of the external and internal environment, a list of planned and promising
end-to-end technologies. Moreover, all this should be formalized in interconnected complex digitalization
programs, synchronized in time and resources.

Directions for further research

The present article considers a reduced model of the socio-economic system of the region, which in-
cludes ten basic processes. When moving to the practical implementation of the proposed approach, for
a more accurate assessment and development of recommendations on the choice of areas of advanced
development (development of strategic priorities) for a specific region, the structure of the digital twin
should be detailed. Therefore, further research will be associated with the selection and formalization of an
additional set of “factor-indicator” couples. At the same time, for justifying the feasibility and effectiveness
of the procedures for the digital transformation of economic systems, certain measures will be devoted to
developing appropriate methods.
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The relevance of the study is due to the development of the digital economy in the Russian Federation.
Forecasting, strategic planning in this aspect is a promising direction of socio-economic development of
the state, as well as its constituent parts — regions, municipalities, enterprises (firms) — the latter being on
the lower level of the economy forming its foundation. This area of research provides a methodological
basis for the development and implementation of management decisions focused on priority areas of
economic development of the state. The purpose of the study is to analyze and develop theoretical
and methodological provisions of strategic and innovative development of the multi-level economic
system of the state in the digital economy. Other objectives include the research and development of
mathematical models of the lower level of the state economy of large corporations (clusters). To achieve
these goals, the first part of the work examines the structure of a multi-level hierarchical system of the
state economy aimed at solving the problems of strategic planning and management at individual levels
of the state within the digital economy. In the second part, based on the analysis and theoretical studies
of previously proposed mathematical models of enterprise development, we developed a mathematical
model of a corporation (cluster). The cluster model takes into account both extensive and intensive
factors of production development. The input data of the cluster model is, first, statistical information
and, second, technological information of pre-production. It is shown that taken together statistical,
technological information, as well as the relationship with consumers of products and with the financial
(banking) sphere is characterized as “digital economy”. The direction of further research is related to
the practical implementation of mathematical models and their use in the practice of forecasting the
development of an industrial corporation (cluster).
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CTPATETMYECKOE PA3BUTUE MHOTOYPOBHEBOM
COLMUAJIbHO-ODKOHOMMUYECKOU CUCTEMbI TOCYOAPCTBA
B YC/ZIOBUAX LULUDPPOBON SKOHOMUKHU

MawyHuH HO.K.

[anbHEBOCTOUHbIN DeaepanbHbIi YHUBEPCUTET,
BnaamBocTok, Poccuiickas deaepauns

AKTyalbHOCTb HUCCJIe0OBaHUSI O0YCIIOBJIEHA pa3BUTHEM LIM(PPOBOil 3KoHOMUKHU B Poccuiickoit
®enepanuu. [IporHo3upoBaHue, cTpaTeTMUYecKoe TUIAHMPOBAHUE B 3TOM acIleKTe SIBJISIETCS Tep-
CIEKTUBHBIM HaTpaBJieHUEM COIIMaJbHO-9KOHOMMYECKOTO Pa3BUTHUS TOCYAapcTBa, a TaKXke ero
COCTaBHBIX YacTeli: perMOHOB, MyHUILIUIIAJIbHBIX 00pa3oBaHuit u nipeanpusatuii (pupm). [pennpu-
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SITUSI HAXOMSITCSI HA HUXKHEM YPOBHE 3KOHOMUKHU U KOTOpPBIE SIBJISIOTCSI €6 OCHOBOM. DTO Hampas-
JIEHUE UCCJIeIOBAaHUI CO3aeT METON0JI0TMYECKYI0 OCHOBY pa3pabOTKu, peaju3aluy yrpaBjieHuYe-
CKMX pellICHUI, OpUEHTUPOBAHHbBIX HA MPUOPUTETHBIC HAMPABIEHUS SKOHOMUYECKOTO Pa3BUTHUS
rocynapctsa. Lleab ucciienoBaHusl COCTOUT B aHAIM3¢ U pa3paboTKe TEOPETUKO-METOI0JOINYECKUX
MMOJIOKEHUIA CTPATErnuecKoro M MHHOBALIMOHHOIO Pa3BUTHUSI MHOTOYPOBHEBON 3KOHOMUYECKON
CUCTEMBbI TOCYIapCTBa B YCJIOBUSIX IM(PPOBOI SKOHOMUMKH, a TAKXKE B MCCIeIO0BaHUM U ()OPMUPOBa-
HUM MaTeMaTUYECKUX MOJeJIell HUXKHETO YPOBHSI 9KOHOMUKM rocyaapcTBa KPYMHBIX KOPIOpauuii
(knactepoB). s peanusaluuy 3TUX 1iejieid B MEPBOil YacTU pabOThI UCCEI0BAHbI CTPYKTYPhI 0J10-
KOB MepapXM4eCKUX MHOTOYPOBHEBBIX CUCTEM YKOHOMUKM rOCyaapCcTBa, HallpaBJieHHAas Ha pellie-
HHUE 3a7a4 CTPaTEernuecKoro IJIaHUPOBAaHUSI U YIPABJICHUS HA OTAEJIbHBIX YPOBHSIX rOCyaapCcTBa B
ycJI0BUsIX HM(PPOBOM 95KOHOMUKU. Bo BTOpoit yacTu Ha 6a3e MpoBeeHHOr0 aHaau3a U TeopeTuye-
CKMX UCCJIEIOBAHUI paHHEe CO3JIaHHBIX MaTeMaTUYECKUX MOJEJCH pa3BUTUS TPEANPUSITHSI, Mbl
pa3paboTajii MaTeMaTUUEeCKYI0 MOJIeJIb Kopropaliuu (Kjiactepa). MaremaTudeckasi MOae b (OUPMbI
(kmacTepa) yYMTBIBAeT DKCTEHCHUBHBIE M MHTEHCUBHBIE MPOM3BOICTBEHHBLIC (PaKTOPHI pa3BUTHS.
Bxomom mMaTteMaTHYeCKOI MOJENM KjacTepa sIBASIOTCS MH(GOpMALIU, MPeACTaBJIeHHAas! CTATUCTH-
YeCKMMU OpraHaMM, a TaKxKe TexXHoJormdeckast iHGopMalLus MoAroToBKM npou3sBoacTsa. [Tokasa-
HO, YTO B COBOKYITHOCTHU CTaTUCTUYECKAsI, TEXHOJIOTUYECKast MH(pOpMalLKsI, a TAKXKE B3aUMOCBSI3b C
MOTPeOUTENISIMU MPOAYKIIMK U ¢ GUHAHCOBOM (6aHKOBCKOIM) chepoil xapaKTepu3yeTcsl KakK «ud-
poBasi 5KOHOMUKa». JlaabHelile uccienoBaHus CBSI3aHbl ¢ pa3paboOTKO M BHEAPEHWEM MaTeMa-
TUYECKMX MOJeJIeil B MPaKTUKY IIPOTHO3MPOBAHUS PAa3BUTUS IPOMEIIIIEHHOTO KJIacTepa.

Kniouessbie ciioBa: rocyaapCTtBo, Kopropauus, CTpaTerudyeCkoe pasBuTUEC, CTaTUCTUYECKaA I/IH(i)Op-
Malus, TEXHOJOIrn4YecKast I/IH(i)OpMaHI/Iﬂ, BEKTOPHas ONITUMU3aLIUA

Ccpuika npu nutuposanun: MamyHud KO.K. Crparernueckoe pa3BUTHE MHOTOYPOBHEBOM COLIM-
aJTbHO-9KOHOMUYECKOU CHUCTEMBI TOCYIapCTBa B yCIOBUSIX IMGPOBOI 9KOHOMUKY // HaydHO-TeXHU-
yeckue BenoMmoctu CIIOITTY. ODkoHomuueckue Hayku. 2021. T. 14, Ne 2. C. 22—49. DOI: 10.18721/
JE.14202

DTO cTaThsl OTKPBITOTO N0CTYIa, pacnpoctpaHsemas 1o auiieH3un CC BY-NC 4.0 (https://crea-
tivecommons.org/licenses/by-nc/4.0/)

Introduction

Forecasting, strategic planning is a promising direction of socio-economic development of the state
and its constituent parts: firms (enterprises), municipalities, regions, which form the basis of the state’s
economy. This area of research is aimed at forming a methodological basis for the development and im-
plementation of management decisions that are focused on priority areas of social and economic develop-
ment of the state, which is reflected in related legal documents'>34, The theory of economic management,
research objectives’ as well as strategic development of industrial enterprises, corporations and the adop-
tion of the optimal solutions are given much attention both in foreign countries [5, 7, 9, 12, 24, 28], and in
the Russian Federation [1, 2, 3, 14—23, 29—-34].

The social and economic processes of state development are quite complex and require a systematic
[5, 7, 29], regional-balanced approach to management [6, 12]. Hence, state regulation to support such
transformations is particularly important and relevant [30]. The forecast and dynamics of the development
of regional and state economy are carried out by constructing mathematical models of both individual
enterprises [20—22, 29], and municipalities [30], regions (subjects of the Russian Federation) [30], as well
as the state as a whole. The forecast and development of the state economy requires legislative® support for
decision-making, as well as mathematical [32, 33] software [30], information (including the digital eco-
nomy [1, 2, 18, 19, 20]), and statistical [30]) support.

! The Constitution of the Russian Federation: Adopted by popular vote on December 12, 1993, with the amendments of 30.12.2008 No. 7-FKZ.
? Budget Code of the Russian Federation, Moscow: TK Velbi, Prospect Publishing House, 2010, 215 p.

3 Tax Code of the Russian Federation. Part One [adopted by the State Duma on 16.07.1998, Approved by the Federation Council on 17.07.1998].
Access mode URL: http://www.consultant.ru/document/cons_doc LAW_ 19671/

4 Federal Law of the Russian Federation No. 172-FZ of June 28, 2014 “On Strategic Planning in the Russian Federation”. http://www.rg.
ru/2014/07/03/strategia-dok.html

° Putin’s Message on January 15, 2020: all President Putin’s proposals to the Federal Assembly http://kremlin.ru/events/president/news/62582

¢ Program “Digital Economy of the Russian Federation” Decree of the Government of the Russian Federation No. 1632-r of July 28, 2017,
Moscow. http://static.government.ru/media/files/9gFM4FHj4PsB7915v7yLVuPgu4bvR 7MO.pdf
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The object of the study is a multi-level management system of the state economy, including regions
(subjects of the Russian Federation), municipal entities and enterprises (firms).

The subject of the research includes analytical, theoretical and methodological provisions for the stra-
tegic and innovative development of the multi-level economic system of the state in the digital economy.

The purpose of the study is to analyze and develop theoretical and methodological provisions for the
strategic and innovative development of the multi-level economic system of the state in the digital econ-
omy. It also includes the research and formation of mathematical models of the lower level of the state
economy of large corporations (clusters).

To achieve this goal, we have divided the work into two parts.

In the first part of the work, the hierarchical system (HS) of the multi-level economy of the state is in-
vestigated. In the study of the HS management of the state, four levels are considered: enterprises (firms),
municipalities, subjects of the Russian Federation (regions), the state, and the world economy. The goals
and objectives of strategic planning and management at the appropriate level are considered. We developed
a modeling methodology to solve planning and management problems at individual levels of the state’s HS
within the digital economy.

In the second part, a study of the production activity of the company, the lower level of the state econo-
my, is carried out. The functioning of the company is determined by a number of the following indicators:
sales (revenue), profit, benefit, profitability. Modeling the development of the enterprise within the frame-
work of modern (with one criterion) optimization methods allowed us to solve one directed development
of the enterprise (firm), [21, 22, and 29]. Therefore, the development of economic theory is characterized
by the study of the multiplicity of goals (criteria) of firm management [25, 30, and 31]. This class of prob-
lems includes multi-criteria (vector) problems of mathematical programming. The development of meth-
ods for solving vector problems is presented in [32, 33]. Vector problems and methods of their solution are
used to create a high-quality management system, strategic development of industrial production, taking
into account statistical, technological information and the digital economy.

The research methods are based on the theory of hierarchical systems research, as well as on the basis of
economic and mathematical methods, the theory and methods of vector optimization. Methods of statis-
tical analysis, systematization and generalization of the obtained results are used.

Results and discussion. The results are presented in three sections: “Management of a multi-level state
system within the digital economy”; “Theoretical foundations of mathematical modeling of the develop-
ment and management of an industrial enterprise: a cluster (the lower level of the hierarchical structure
of the state)”; “Theory and methods of vector optimization as mathematical support for modeling in the
digital economy of the state”.

1. Managing the multi-level system of the state within the digital economy

The functioning of state authorities related to the management of the economic and social develop-
ment of the state includes relations between the central governing bodies of the state, the subjects of the
Russian Federation (regions), and municipalities, which are an integral part of the national policy of the
state. In this aspect, we will adhere to V.I. Lenin’s definition of politics as a “concentrated expression of
the economy”’. This implies concentrated activity of the state’s governing bodies in the conditions of the
global environment of competing states.

The implementation of the state’s economic policy is reflected in a certain system of indicators. These
economic indicators are used as the goals of the socio-economic development of the state when solving
problems in the implementation of these goals. The system of economic indicators and related goals is
represented by the Types of Economic Activity (TEA). The objectives of the state’s economic policy are
reflected in the legislative, administrative, and economic laws and measures implemented by the central,
constituent entities of the Russian Federation, and local authorities. The organizational structure of the

7 Lenin V. I. Complete collection of works, 5 ed., vol. 42, p. 278.
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Fig. 1. Goals, tasks of management in a multilevel hierarchical system of the state in a digital economy

multi-level HS of the state economy is aimed at solving the problems of current, strategic planning and
management at individual levels of the state in the digital economy (Fig. 1).

The goals of the current, strategic planning and management of the state’s HS, presented in Fig. 1,
include four levels: enterprises (firms), municipalities, regions (subjects of the Russian Federation), the
state and the added level of the world economy.

The top level of the HS represents the highest management subsystem, which forms information for
decision-making associated with international organizations, and coordinates the development of foreign
trade operations of various countries. Coordination of foreign trade operations is carried out when solv-
ing the problems of balanced and mutually beneficial trade in dynamics. As a result of the decision, the
amount of profit (income) is determined: X &= 1, G, which the g € G state will have when selling the
corresponding goods to other countries.

* At the highest level of state HS management, we consider management subsystems, whose activities
are related to the management of the economy of their countries. The target orientation of this level is
determined by the most complete satisfaction of the material and spiritual needs of the population of the
state, the growth of its standard of living (i.e., according to the Maslow model: the implementation of the
first and second needs — physiological and safety). As a result, the public administration subsystem forms
a vector of aggregated Types of Economic Activity (TEA) by industry: o =1, Og, including exports that
could be mastered by this state: X, 020 = 1, Og , g € G. The received data is reported to the regional level.
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At the regional (second) level of government, the mechanism of forecasting, planning and manage-
ment is aimed, firstly, at improving the social and economic standard of living of the population of the
region, and secondly, at participating in the all-Russian division of labor, as the functioning of a single
economic complex of the Russian Federation with mutual benefits. The development of the region due
to the intensification of the development of industry, the agricultural production should be carried out
taking into account the rational use of natural resources and the development of resource-saving tech-
nologies. Regional current, strategic planning and management should be based on the production and
economic activities of individual firms (enterprises) and their associations, which are the main suppliers
of the region’s products. The growth of the population’s well-being is closely related to the growth of labor
productivity and the increase in the volume of products produced in the region, quality improvement,
competitiveness [6]. The above-stated global goals, assessments of the development of the region in the
process of implementing production tasks, are divided into industry-level goals, which, in their essence,
represent the solution of large sets of tasks.

At the municipal (third) level of government, the forecast, planning and management is aimed at im-
proving the social and economic standard of living of the local government population.

In the Constitution of the Russian Federation, Article 12 states “Local self-government is recognized
and guaranteed in the Russian Federation. Local self-government within the limits of its powers is inde-
pendent. Local self-government bodies are not part of the system of state authorities”.

It should be understood that it is in the municipalities, along with military facilities, that all industrial
and agricultural enterprises are concentrated, which:

first, create the economic base for the development of the state’s economy and the economic potential
for the future development of the state;

secondly, it is these enterprises that determine the main tax revenues and form the revenue part of the
budget of the Russian Federation, which determines the socio-economic development of the state, its
protection.

With this in mind, we would like to see municipalities (MO) more actively participate in state activ-
ities. President V.V. Putin in his speech?® said that currently only 1% of the total tax revenue remains in
the Ministry of Defense. It is advisable to raise its level to 5%. Unfortunately, the progress on this issue
has stalled. Each enterprise (firm), according to the legislation, pays taxes for the year, the size of which
is approximately 20—25% of annual gross receipts. Thus, in an implicit form (de facto), the state owns
20—-25% of fixed assets, and is obliged to supervise their safety, and better yet, their growth. If the local
government were to transfer the state functions (de jure) related to the control of tax receipts (the Fed-
eral authorities will naturally collect taxes, as they do now), the level of tax receipts would increase, and
as a result, the living (socio-economic) level of the population would increase. Moreover, if the level of
tax collection exceeds some average level for the state, then part of the exceeded amount of taxes should
remain at the disposal of the Ministry of Defense. And this is possible only when each enterprise of the
Ministry of Defense increases the volume of production, as a rule, due to the growth of labor produc-
tivity.

At the level of (fourth) management of the firm (enterprise), the target orientation is determined by in-
creasing the economic standard of living not only for shareholders, but also for all participants in produc-
tion, who are represented by engineering, production, and management personnel. All participants in
production equally form the profit of the firm (enterprise) and the maximum increase in labor productivity
is only possible in their joint effort. The analysis of the company’s production activity, theory, and software
for the strategic development of the company (industrial cluster) using statistical information and the dig-
ital economy is the basis of this article [18—21, 29, 31].

Statistical information at the enterprise (firm) level is the source information, i.e. the base of the digital
economy.

§ Putin’s Message on January 15, 2020: all President Putin’s proposals to the Federal Assembly http://kremlin.ru/events/president/news/62582
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Statistical information is generated from three sources: first, from consumers who are engaged in the
material and technical support of production; second, from manufacturers who implement technological
processes of production organization; and third, from manufacturers who sell manufactured goods and
services. In accordance with the decision of the Board of the Eurasian Economic Commission of Septem-
ber 3, 2013. No. 185 “On Approval of the list of Statistical indicators of Official Statistical Information
provided to the Eurasian Economic Commission by the Authorized Bodies of the Member States of the
Customs Union and the Single Economic Space”, [34], all enterprises annually (quarterly) submit a num-
ber of macroeconomic indicators.

The main one is the Gross Domestic Product (in current prices), which includes information: quarter-
ly, annual by type of economic activity (Appendix 1 in [34]), by institutional sectors (appendix 2 in [34]),
by elements of end use (Appendix 3 in [34]), by elements of income (appendix 4 in [34]). These and other
indicators, distributed across the entire state HS, are the digital economy. The information database is
further used in the analysis of the development of the enterprise, the municipality, the region and the state
as a whole.

2. Digital economy. Electronic (digital, web, Internet) economy is economic activity based on digital
technologies (quote from Wikipedia) [1]. Within this definition, “it is not so much about the development
and sale of software, but about electronic goods and services produced by e-business and e-commerce”
[2, 18—21]. Hence, the digital economy cannot exist without the real and raw materials sectors, without
production, which turns raw materials into products, without agriculture and without transport, delivering
raw materials to the factory, products to the warehouse and goods from the warehouse to the store or to
your home [1, 2]. Thus, the digital economy is not a complete economy, but its part, consisting of electron-
ic goods and services. It is more correct to say not “digital economy”, but the digital sector of the economy.
Let’s try to define the digital economy [30].

The “digital economy” is an information representation on paper and, above all, on electronic media: firstly,
of all material resources (which include: land resources, manufacturing enterprises, firms, goods (including

the process of creation and implementation), financial (including banks) and government organizations), and,
secondly, of the population with its financial capabilities, which (material resources and population) together
dynamically change in space and time.

To form the informational display of the “Digital Economy”, digital technologies or software have
been developed, which represent technologies for collecting, storing (database), processing, searching,
transmitting and presenting large-volume data. These information technologies for data collection and
transmission are presented in general form (arrows) in the lower part of Fig. 1.

3. Theoretical foundations of mathematical modeling of the development and management of an indus-
trial enterprise: cluster

3.1. Analysis of modern economic and mathematical models of the firm development

There are different mathematical models developed for an assessment of behavior of firms in society,
formations of the purposes and tasks of the organization of management. The following models are cur-
rently used in the theory: maximizing profit, maximizing sales volume, maximizing growth, administrative
behavior, the Japanese model directed on maximizing value added [29, 30].

The traditional firm theory recognizes that the behavior of a firm is defined by its only desire of maxi-
mizing profit (model 1).

The model of maximizing sales volume is the most widely known alternative of the model of maximizing
profit. The model of maximizing sales is formed in two options: with criterion of maximizing sales under
the condition of restricted resources (model 2a), and with criterion of minimizing prime cost while some
volume of economic indicators is restricted (model 2b).

The model of maximizing growth (model 3) is characterized by a strategy with the cornerstone in contin-
uous growth: long-term increase in production and sales [30].
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The management theory of firm claims that the economic behavior of a firm is defined not by its owners,
but the managers who have a purpose of maximizing sales volume and profit because of the income. The
model of administrative behavior (model 4) includes the model of administrative benefit, the model of ad-
ministrative prudence and the agency model [9].

The model of maximizing value added is a Japanese model (model 5) defined by that the value added is
calculated as a difference between sales to the company for a certain time point and expenses (costs) of the
goods of service acquired at external suppliers. Thereby the value added includes work, management, the
capital, costs of profit. Such an approach implies that each worker and the sharecholder of the firm maxi-
mizing value added knows that irrespective of economic conditions the priority has to be given to constant
investments into capacities and the equipment, into researches and development, into development of the
market. If there is a need to reduce remuneration to workers, the salary of the senior administrative per-
sonnel is reduced first. Japanese automakers and other companies, despite of economic conditions, seek
to maximize value added in such a way year after year [30].

The emergence of such a variety of models indicates that none of them can adequately reflect the real
life situations, which arise in practice of enterprise management. This results in new approaches (models)
to the management of enterprises.

The economic theory of multiple goals stems from the fact that a firm has not one goal (sales, profit,
growth), but a set of goals, which is a counterweight to single-criteria goals. Currently, a firm is a complex
corporate system in which the organizational structure characterizes the hierarchy of subjects and objects
of management. This management hierarchy corresponds to a hierarchy of interests and goals. First, the
top management’s interest is to increase the firm’s prestige, improve its economic performance, and en-
sure its stability and sustainability. Secondly, it is in the interest of shareholders to raise higher dividends.
Thirdly, managers’ interest is aimed at improving their social status, making a good career, and ensuring
income growth. Fourth, the interest of wage earners is to raise wages, get good working conditions, and
improve their skills, professional growth, and so on. In the development of this direction, an approach
based on a multi-purpose mathematical model is proposed. It is used in modeling the annual, strategic
(long-term) development plan of the company.

3.2. Creation of mathematical model of the production plan of firm development

Currently, as it was stated above, there are some alternative mathematical behavior models of firms. We
will unite the purposes of all models in the form of a vector of criteria. We will consider the restrictions of
each model. We will present a vector of criteria and the restrictions in the form of a mathematical model,
which represents a vector problem of mathematical programming.

Creation of mathematical model of the annual (strategic) plan of a firm assumes formation: a vector of
variables, a vector of criteria (purposes) and restrictions imposed on the functioning of the firm [29, 30].

Vector of variables. Let us introduce a vector of variables:

X(1)={x.j=LN}.

where each component j € N determines the type j =1, N and the volume xj(t) of products, which includ-
ed in production in the planned year of £ € T. N is a set of indices of types (nomenclature) of products,
works, and services. Restrictions of uj(t), Jj € N are imposed on the production variables xj(l‘), jeN:
they determine the probable volume of production of the j" type. The values of uj(t), J € N, asarule, are
obtained by the marketing department of the firm which conducts a research of the commodity market:

X; (t)Suj(t),j=1,N.

Vector of criteria which defines the functional objectives of the firm.
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The firm production is characterized by a set of K technical-economic indicators. Let us represent the
functional dependence of a k € K economic indicator on the output of X(7) using a fk(X(t)) function, in
the assumption that such functional dependence exists and is linear, i.e.:

Nk

VkEK’fk(X(t)):Zj:lcjxj (2),

where cf is a value of the " economic indicator (criterion) characterizing a unit of the /™ production type,
J € N. In general, let us present a set of the indicators by a vector function:

F(x(0)={4 (X (1) =X (). k=LK]}. G.)

Let us divide the whole set of the K criteria into three subsets K, K, K.

The first K, subset. F' (X(#)) C F(X(f)) depends on organizational structure of the enterprises (the ne-
oinstitutional theory). It is supposed that the firm consists of  — a set of local enterprises (divisions), at
each of them the development purposes functionally depend on the fq (X(?)), g € Q output of this g" en-
terprise. Each g™ enterprise is presented by a set of criteria of Kq, qeQ:

£,(x(0)={£, (X (1), k=1K,.q < 0}.

If Q = 1, then is a standard definition of the firm. A set of criteria (purposes) of all enterprises is pre-
sented by a vector function:

F(X(0)={/,(X(1).q=1K |.K,=0.K, K.

The second K , subset defines the purposes of the firm in general: it is the highest managing subsystem.
Each criterion k =1, K, includes the corresponding indicators of all local subsystems and contains the
nomenclature, volumes, technical and economic indicators of the products produced by the corporation
as a whole:

F(X()={£(X(t), k=1K,}, K, K.

The vector of F,(X(f)) includes sales volumes of the made production, profits, value added, etc. It is
desirable to maximize these indicators.
The third K 5 subset includes economic indicators related to costs that are desirable to minimize:

E(X(6)={£ (X (1), k =LK}, K, K.

Indicators (criteria) £,(X(#)) characterize the minimization of material and labor costs, which together
determine the cost of production. Economic indicators (criteria) K » K , represent the system characteris-
tics of the corporation (firm). They determine the relationship between the firm and the society:

K,UK,UK, =K,

where K is the set of indicator (criteria) indices of the firm development in general.

The restrictions that are imposed when developing a plan include two groups. The first (main) group of
restrictions is related to resource (technological) costs. They include restrictions on production capacity,
labor, and material and technical resources. The second group of restrictions is determined by the planned
indicators, which in the very least need to be obtained.
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Resource restrictions. We assume that the dependence of resource costs on the volume of goods pro-
duced X(t) = {x}., j=1, N} is linear:

Z;V:l a, (t)x; () <b,(1),i=1L,M, (3.2)

where a;, (t) ,i=1,M, j =1, N isanorm which characterizes the quantity of the i'" resource necessary for
production of a unit of the j* product type.

The set of indices of resources M includes:

a set of material resources Mma . C M, which characterizes the materials, semi-finished products, etc.,
used in production;

a set of labor resources M »C M involved in production;

a set of funded resources (capacities) ]Wf C Mintheperiodtec T.

Similarly, (3.2) presents the costs of the i*" resource of the g division:

> (t)x, ()< (1), i=1,M,,i=1,0,

where b/ (t) ,i=LM_,i=1,0 is the value of the /" resource which is available in the g division of the
enterprise for the planned period. Mq is a set of resources types which are used in production in g* division.
The restrictions connected with the planned indicators:

Z_];[:lcixj (£)= 5, (1), (3.3)

where ¢, is the value of the J™ economic indicator characterizing the production unit, bk is the minimum
value of the planned indicator which the firm should achieve in the planned period of time, ¢t € T.

Variable expenses depend on the output:

a; (t) ,i=1,M, j=1,N isthe i" resource costs needed to produce a unit of the j™ type of production
(norm), i, M are an index and a set of all types of resources (material, labor, etc.), i.e. the variable expenses
changing in proportion to output and used by production of all types;

G (X)= ZL a, (t)x,(t)<b,(1),i=1,M is the costs of the i* resource of all production types.

We will present the production prime cost of a production unit as a sums of variable expenses:

M M M P
P _ mat mat r tr f [
a; _Zizl pia; +Zi:l piay +Zi:1 pid; s J =LN, (3'4)
tr I

where aij"? “. a, , a; are costs of a unit of production and P, is the cost of the material, labor, and accumu-
lated resources respectively;

A? (l‘) = {aj7 (t), j=LN } is a vector of the planned production prime cost of a unit of all types of
production.

Constant expenses don’t depend on the output. They are calculated per product unit af“k (depreciation
charges, administrative and managerial expenses, maintenance costs of buildings and the equipment). In
general, the planned full prime cost of a unit of production is defined as the sum of production prime cost
and of overhead costs:

nak
a;=aj+a;", j=LN.
The full prime a, is a basis for formation of market value of production. We can define (as far as possi-

ble) the costs per production unit of similar goods of competitor company and compare them with a, ina
similar way. '

30



4 Yu.K. Mashunin  DOI: 10.18721/]JE.14202 >
I

The price of the p; production unit of the j™ type follows from market researches or on the basis of a cal-
culation of level of the price taking into account the pricing policy. Important role is played by methods of
calculation of the settlement price from the prime cost of a, j=1N.
lProﬁt: the gross profit per unit is calculated as a difference between the cost of P, and variable expenses
Y=p;,—a’,j=1N.

The profit on product sales in the firm as a whole equals:

'

m=>" mx(t). (3.5)

The value added is determined per a unit of production as a difference between the P, cost and material
inputs a;”‘” for production of j type:

pf"b =p,—a}”, j=1N, (3.6)
m Mmat . I A7 . . . . - . .« .
where a; “ = o Py J = 1, N is the cost of material inputs per unit of the /" production type arriving
from external producers.
Using the calculated indicators (3.1)—(3.6), we construct the above described theoretical models.
Model I. maximizing profit. Define:

maxf(X(t)) = lenjxj (t) (3.7)

at restrictions
> ()%, ()< (1), i=1M, (3.8)
xj(z‘)Suj(t),jzl,_N. (3.9

Model 2a: maximizing sales volume. Define:

max f(X(t)) = j/:l P;X; (t), (3.10)

at restrictions
> ()%, (1) <b (1), i=1,M, (3.11)
x,(t)<u,(t), j=LN. (3.12)

Model 2b: minimization of total expenses. Define:

min f(X(t)) = ZZI c[Zj]:I a; (z‘)xj (t), (3.13)

at restrictions

S x ()2, (1), kK, (3.14)

j=1070
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x () <u, (1), j=1,N, (3.15)

where c is the economic indicator characterizing a unit of the j*" type of production, b is a set economic
1nd1cator characterizing such volume of production at which b (?) has to be reached (>)
Model 3: maximizing growth. Define:

max f (X (1))=" mx,( (3.16)

at restrictions
ijlaij(t)xj (£)<b,(£)+Ab, (1+A1),i=1, M, (3.17)
xj(t)<u () ]—IN (3.18)

where Abi(t + Af) is a planned gain of volume of resources as of the planned period Az which is created due
to depreciation charges, profit, or of loans.
Model 4: administrative behavior. Define:

max f(X(1))=2" pix, (1), (3.19)

at restrictions
Zilaii(t)xj (t)Sbi(t)=i:1’_’ (3.20)
x,(t)<u,(t), j=LN, (3.21)

where p; is the economic indicator determines the salary volume from production and sale of a unit of the
J" type of production.
Model 5: maximizing value added, Japanese model. Define:

max f(X ()= i, (¢), (3.22)

at restrictions
> (6)x, (1)<, (1), i=1,M, (3.23)
x,()<u,(t), j=LN, (3.24)

where pf”b is the economic indicator (3.6) which determines the value added volume for the production
and sale of a unit of the j™ type of production.

Economic and mathematical models: the model 1 (3.7)—(3.9), ..., model 5 (3.22)—(3.24) represent the
current state of mathematical modeling of production systems.

3.3. Construction of a mathematical model of a manufacturing company in the form of a vector linear pro-
gramming problem

The economic theory of plurality of the purposes assumes that the listed above purposes of all models
actually exist and have to be considered simultaneously. We will present such objectives in a model of the
annual plan of the enterprise in the form of a vector problem of linear programming;:
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_ 3.25
~max £, (X ()= X% b, (0. k=T, }.4=T0), o
max F, (X(t)) = {max i (X(t)) = Z;V:l cij (t), k= l,Kz}, (3.26)
min F, (X (1)) ={min £, (X ()= 2" e 2" 0, ()%, (1), k=K., (3.27)
at restrictions
ZL a,(t)x,(t)<b,(1),i=1M, (3.28)
> anx, (1)<be(1),i=1,M,,q=1,0, (3.29)
> (1) 2 (1), keKk, (3.30)
0<x,(t)<u,(t), j=LN, (3.31)

where F'(X(?)) is vector criterion (2.25), the set of criteria of which is subdivided into three subsets:

K, is a subset of criteria of the divisions of the firm, k =1, K, q= LO,K,=Q;

Kz is a subset of criteria each component of which should be maximized (sales volumes of the made
production, profits, value added, etc.);

K 5 is a subset of criteria aimed at minimizing the indicators connected with prime cost of products; K »
K are the system criteria characterizing the firm in general (3.26), (3.27):

K,UK,UK,=K.

In (3.25), the vector of criteria of F(X(¢)) reflects the purposes of all models in total: (3.7)—(3.9) is the
model of profit, ..., (3.22)—(3.24) is the model of maximizing value added;

X= {x ; (t) ,j=LN i is a vector of variables each component of which defines the quantity of the j*
type products included in the plan; L

cf, j=1,N is a set of economic indicators of the k" k =1, K type characterizing a unit of the j
type of production.

A set of restrictions (3.28)—(3.31) which in total reflect the restrictions of all models under considera-
tion: profits (3.8) — (3.9), ..., models of maximizing value added (3.23) — (3.24).

We will notice that a problem of definition:

Vg e @.max f, (X (1)) ={max £, (X (1)) = X" cx, (1) k=T.K, .

at restrictions (3.27)—(3.31) represents a model of a separate division of the firm in a form of a vector
problem of linear programming.

For the solution of a vector problem of linear programming (3.25)—(3.31), the methods based on nor-
malization of criteria and the principle of the guaranteed result are used [31, 32].
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4. A vector problem of mathematical programming

A vector problem in mathematical programming (VPMP) is a standard mathematical-programming
problem including a set of criteria, which, as a whole, represent a vector of criteria.

It is important to distinguish between uniform and non-uniform VPMP:

A uniform maximizing VPMPis a vector problem in which each criterion is directed towards maximizing;

A uniform minimizing VPMP is a vector problem in which each criterion is directed towards minimizing;

A non-uniform VPMP is a vector problem in which the set of criteria is shared between two subsets (vec-
tors) of criteria (maximization and minimization respectively), e.g., inhomogeneous VPMP is a combina-
tion of two types of homogeneous problems.

According to these definitions, we will present a VPMP with non-uniform criteria in the following
form:

Opt F(X)={max F,(X)={max f, (X),k=1,K,, (4.1)
min £, (X) ={min £, (X), k=1,K,}, (4.2)
G(X)<B, (4.3)

X 20, (4.4)

where X = {x 0] =1I,N } is a vector of material variables of an N-dimensional Euclidean space of R",
(notation j = j=1,N isequivalenttoj=1,..., N);

F(X) is a vector function (vector criterion) having K which is a function component (K is the power of
the K set): F (X ) = { i ( X ) Jk=1,K } . The K set consists of the K , subset of maximization criteria and
the K, subset of minimization; K = K, U K, therefore we introduce an “opt” notation of the operation,
which includes max and min;

K @: { fi (X ), k= l,Kl} is a maximizing vector criterion, K is the number of criteria, and
K, =1,K, is a set of maximizing criteria (problem (4.1), (4.3), (4.4) represents VPMP with the
homogeneous maximizing criteria). Let’s further assume that f, (X ) ,k=1,K, are continuous concave
functions (we will sometimes call them the maximizing criteria);

F,(X)= { f(X ), k= 1,K2} is a vector criterion in which each component is minimized, K, =
=K, +1,K =1,K, are a set of minimization criteria, K, is the number of criteria (the problems (4.2)—
(4.4) are VPMP with the homogeneous minimization criteria). We assume that f, (X ), k=1,K, are
continuous convex functions (we will sometimes call them the minimization criteria), i.e., K LU K2 =K,
K CcK K cK.

G(X) < B, X >0 isstandard restrictions, g, (X) <b,i=1,..,M where b_is a set of real numbers,
and the gl_(X) functions are assumed to be continuous and convex.

S:{XeR"

X20,G(X)<B,X"™ sszm‘”‘} £,

where the set of admissible points set by standard restrictions (4.3)—(4.4) is not empty and represents a
compact.

The vector minimization function (criterion) F,(X) can be transformed to the vector maximization
function (criterion) by the multiplication of each component of /,(X) by minus one. The vector criterion
of F(X) is introduced into the VPMP (4.1)—(4.4) to show that, in the problem, there are two subsets of
criteria of K , K with essentially different directions of optimization.

We assume that the optimum points received by each criterion do not coincide for at least two criteria. If
all points of an optimum coincide among themselves for all criteria, then we regard the decision as trivial.
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5. Theory and methods of vector optimization as mathematical support for modeling in the digital econ-
omy of the state

The theory of vector optimization includes theoretical foundations (axioms) and methods of solving vec-
tor problems both with equivalent criteria and with the given criterion priority. The theory is a basis of
mathematical apparatus of modeling of the “object for optimal decision-making”.

As an “object of decision-making”, we consider the socio-economic development of the state, includ-
ing objects at the level of: firms (enterprises), municipalities, regions and the state as a whole. We presented
the axioms and methodology for solving vector optimization problems (4.1)—(4.4) with equivalent criteria
and a given criterion priority. [32, 33].

5. 1. The axioms and the principle of optimality for vector optimization with the equivalent criteria

Definition 1. (Definition of the relative estimate of the criterion).

Let us introduce a notation:

WACIEA
AR

in vector problem (4.1)—(4.4), which is a relative estimate of the k € K criterion at the point of X € S,

f,: is the value of the k™ criterion at the point of optimum X ; , obtained in vector problem (4.1)—(4.4)
for the individual &™ criterion; fko is the worst value of the k™ criterion (anti optimum) at the X ,? point
(superscript 0 for zero) on the admissible set S in vector problem (4.1)—(4.4);

The value of fko is the lowest value of the k" criterion in the max problem (4.1), (4.3), (4.4):

1 =miny_ f, (X)Vk € K,, and in the min problem, f,’ is the greatest: /" =max,_g f, (X )Vk €
ek,.

First, the relative estimate of the A (X) V k e K, is performed in relative units; secondly,
the relative estimate of the A (X) V k € K in the admissible set changes from zero in the X Y point (‘v’k €

A (X) ,Vke K (5.1)

eK Ilim A, (X) =0 | to one at the optimum XZ point of an optimum of X; Vke K [im x
X, X X, X,

XA\, (X) = 1), therefore

Vke K0<i, (X)<l,XeS. (5.2)

This allows a comparison of the criteria, measured in relative units, and their use in joint optimization.

Axiom 1. (About equality and equivalence of criteria in an admissible point of vector problems).

In the VPMP, two criteria with the indices k € K, g € K shall be considered as equal in the X € S point,
if relative estimates of the £ and g"" criterion are equal in this point, i.e. A, (X ) =\ . (X ) ,k,ge K. We
will consider criteria equivalent in the VPMP, if in the X € § point when numerically comparing the
relative estimates of A, (X ), k =1,K, there are no conditions about priorities of criteria imposed on
each criterion of f, (X ) ,k=1,K, and, respectively, relative estimates of A (X).

Definition 2. (Definition of a minimum level among all relative estimates of criteria).

The relative level A in the vector problem represents the lower estimate of a point of X € § among all
relative estimates of A, (X ), k=1,K:

VXeSAL<A, (X)), k=1,K, (5.3)

the lower level for performance of a condition (5.3) in the admissible point of X € S is determined by a
formula

VX €S \=min,_ A, (X). (5.4)
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Ratios (5.3) and (5.4) are interconnected. They serve as transition from operation (5.4) of definition of
min to restrictions (5.3) and vice versa.

The lower relative A level allows uniting all criteria in the vector problem by one numerical characteris-
tic of A and to perform certain operations with it, thereby, at the same applying these operations to all the
criteria measured in relative units. The A level functionally depends on the X € .S variable, therefore by
changing X, we can change the lower A level.

Further, we formulate the rule of searching of the optimum solution.

Definition 3. (The principle of an optimality with equivalent criferia).

The VPMP with equivalent criteria is solved, if we find such a point of X° € § and such a maximum
level of A° (superscript o for optimum) among all relative estimates that

A =maxy_gmin,_ A, (X). (5.5)

Using interrelation of Egs. (5.3) and (5.4), we transform a maximin problem (5.5) into an extreme
problem

A’ =max,_gh\, (5.6)

at restrictions

L<h (X), k=1,K. (5.7)

Let’s call optimization problem (5.6)—(5.7) the A-problem.

A-problem (5.6)—(5.7) has (N+1) dimension, and consequently the result of solving A-problem (5.6)—
(5.7) consists in an optimum vector of X? € R¥*!, in which the (N + 1) component is essentially the A°
value. Thus in the optimum point of X’ = {xl” s X3y eees Xy Xy, (> the component xy,, =A°, and the
(N + 1) component of the X° vector is selected in view of its specificity.

The received pair of {A°, X°} = X° characterizes the optimum solution of A-problem (5.6)—(5.7) and
at the same time is the solution to VPMP (4.1)—(4.4) with the equivalent criteria, solved on the basis of
normalization of criteria and the principle of the guaranteed result. In the optimum solution of X° =
= {A°, X°}, we will denote X° as an optimal point, and A° as a maximum level.

The following theorem is an important result of the algorithm for solving vector problems (4.1)—(4.4)
with equivalent criteria [32].

Theorem 1. (7he theorem of the two inconsistent criteria in the vector problem of mathematical program-
ming with equivalent criteria).

In the convex VPMP with the equivalent criteria which is solved on the basis of normalization of crite-
ria and the principle of the guaranteed result, in an optimum point of X° = {A°, X°}, there are always two
criteria: let us denote them with indices ¢ € K, p € K (which in a sense are the most inconsistent in the
k =1, K criteria set), for which the following equality holds:

2o=n, (X)=2,(X).q.peK.X €S, (5.8)
and other criteria are determined by inequalities:
2<h, (X°).VkeK,q#p#k. (5.9)

5.2. Axioms and the principle of optimality of vector optimization with a criterion priority
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To develop the methods of solving the vector optimization problems with a priority of criterion, we use
the following definitions:

Priority of one criterion of vector problems, with a criterion priority over other criteria;

Numerical expression of a priority;

Set priority of a criterion;

Lower (minimum) level among all criteria with a priority of one of them;

Subset of points with priority by criterion (Axiom 2);

The principle of optimality of the solution of problems of vector optimization with the set priority of
one of the criteria, and related theorems.

For more details, see [32, 33].

Definition 4. (About the priority of one criterion over the other).

The criterion of ¢ € K in the vector problem of Egs. (4.1)—(4.4) in a point of X € § has priority over
other criteria of £ =1, K, and the relative estimate of Xq(X) by this criterion is greater than or equal to
relative estimates of kk(X) of other criteria, i.e.:

A (X)20 (X), k=LK, (5.10)

and a strict priority for at least one criterion of ¢ € K, kq(X) > kk(X), t # g, and for other criteria of
A (X)2h (X),k=1,K,k#t=#q.

Introduction of the definition of a priority of criterion ¢ € K in the vector problem of Egs. (4.1)—(4.4)
executed the redefinition of the early concept of a priority. Earlier the intuitive concept of the importance
of this criterion was outlined, now this “importance” is defined as a mathematical concept: the higher the
relative estimate of the g™ criterion compared to others, the more important it is (i.e., has higher priority),
and the highest priority at a point of an optimum is X Z ,Vge K.

From the definition of a priority of criterion of ¢ € K in the vector problem of Egs. (4.1)—(4.4), it fol-
lows that it is possible to reveal a set of points Sq C §'that is characterized by A . (X ) 2A, (X ) ,Vk#q,
VXeS o However, the answer to whether a criterion of ¢ € K at a point of the set Sq has more priority
than others do remains open. For clarification of this question, we define a communication coefficient
between a couple of relative estimates of ¢ and k that, in total, represent a vector:

PY(X)={p{(X)|k=T.K}.qe K VX €5,

Definition 5. (About numerical expression of a priority of one criterion over another).

In the vector problem of Eqs. (4.1) and (4.4), with priority of the g™ criterion over other criteria of
k= l K, forvX e S and a vector of P?(X) which shows by how many times a relative estimate of A (X)
q € K, is greater than other relative estimates of A (X )_ 1,K, we define a numerical expressmn of
the priority of the g™ criterion over other criteria of k =1,K as:

P0)= {1 (1) 24 kK],

pl(X)21,vXeS, S, k=1,K,YgeK. (5.11)

A(X —
This definition of priority in the form of the ratio p; (X) = Xq EX; ,k=1,K,Vq e Kis called a nu-
k
merical expression of the priority of the g™ criterion over the other criteria k =1, K.
Definition 6. (About the set numerical expression of a priority of one criterion over another).
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In the vector problem of Eqs. (4.1)—(4.4) with a priority of criterion of ¢ € K for VX € S, vector
P = { pl,k=1,K; is considered to be set by the person making decisions (i.e., the decision-maker) if
every component of this vector is set. Set by the decision-maker, the p,‘f component, from the point of
view of the decision-maker, shows by how many times a relative estimate of kq(X) q € K is greater than
other relative estimates of A, ( ) k =1,K.Thevectorof p/, k = 1, K, is the numerical expression of the
priority of the ¢ criterion over other criteria of k = l, K:

P(X)={pl (X), k=LK pl (X) 219X €5, 5. (5.12)

k=1,K,YqeK.

The vector problem of Egs. (4.1)—(4.4), in which the priority of any criteria is set, is called a vector
problem with the set priority of criterion. The problem of a priorities vector arises when it is necessary
to determine the point X° € § by the set vector of priorities. In the comparison of relative estimates with
a priority of criterion of ¢ € K, as well as in a problem with equivalent criteria, we define the additional
numerical characteristic of A which we will refer to as the level.

Definition 7. (About the lower level among all relative estimates with a criterion priority).

The A level is the lowest among all relative estimates with a priority of criterion ¢ € K such that:

A< pih, (X),k=1,K,qe K,¥X S, C5. (5.13)
The lower level for the performance of the condition in Eq. (5.13) is defined as:
A=min_,pih,(X),qeK,VX €S, 8. (5.14)

Egs. (5.13) and (5.14) are interconnected and serve as a further transition from the operation of deter-
mining the min to restrictions, and vice versa. In Section 3.1, we gave the definition of a Pareto optimal
point X° € § with equivalent criteria. Considering this definition as an initial one, we will construct a num-
ber of axioms dividing an admissible set of § into, first, a subset of Pareto optimal points S°, and, secondly,
a subset of points Sq C 8, g € K, with priority for the g™ criterion.

Axiom 2. (About a subset of points, priority by criterion in the VPMP).

In the vector problem of Eqs. (4.1)—(4.4), the subset of points Sq C S'is called the area of priority of
criterion of ¢ € K over other criteria, if

VXeS, VkeKA (X)2h (X),q#k

This definition extends to a set of Pareto optimal points S° that is given by the following definition.

Axiom 2a. (About a subset of points, priority by criterion, on Pareto's great number in a vector problem).

In the VPMP, a subset of points S;’ c 8’ < § iscalled the area of a priority of the ¢ € K criterion over
other criteria, if VX € S? Vke K L, (X) =), (X),q#k.

In the following we provide explanations.

Axiom 2 and 2a allow breaking the vector problem in Egs. (4.1)—(4.4) into an admissible set of points
S, including a subset of Pareto optimal points, §° C .S, and subsets:

one subset of points §" C .§ where criteria are equivalent, and a subset of points of S crossing with a
subset of points $°, allocated to a subset of Pareto optimal points at equivalent criteria $°° = 8" N $°. As will
be shown further, this consists of one point of X° €S i.e.

X' =8"=8'nS",8€S,5°cS.
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“K” subsets of points where each criterion of ¢ =1,K has a priority over other criteria of k =1, K,
q # k, and thus breaks, first, sets of all admissible points S, into subsets S’ , C S,q=1,K and, second, a
set of Pareto optimal points, .S°, into subsets S;’ cS , C S, g =1,K. This yields:

SU(U,..S;)=8°.8; =S°<8,q=1K.

We note that the subset of points S;, on the one hand, is included in the area (a subset of points) of
priority of criterion of ¢ € K over other criteria: Sq" c §° < S, and, on the other, in a subset of Pareto
optimal points §; = §° < .

Axiom 2 and the numerical expression of priority of criterion (Definition 5) allow the identification of
each admissible point of X € §' (by means of vector):

b (X)) =
Pq(X): pZ(X): 1 ,k=1,K }, to form and choose:
Ay (X)

a subset of points by priority criterion Sq, which is included in a set of points S, Vg € K X € Sq cs,
(such a subset of points can be used in problems of clustering, but is beyond this article);

a subset of points by priority criterion S;, which is included in a set of Pareto optimal points S°,
VgeK,XeS, 8"

Thus, full identification of all points in the vector problem of Egs. (4.1)—(4.4) is executed in se-
quence as:

Subset of Paret Subset of Paret
Set of admissible ubset of Fareto ubset ot Fareto Separate point

. optimal points optimal points, o R
points X € .§ — XesocS_ XeS cSs S VXeSXe§ cS'cS

This is the most important result which allows constructing the principle of optimality and methods of
choosing any point from a set of Pareto optimal points.

Definition 8. (Principle of optimality 2. The solution of a vector problem with the set criterion priority).

The vector problem of Egs. (4.1)—(4.4) with the set priority of the g™ criterion of pyA, (X),
k =1,K, is considered solved if there is such a point X° and such a maximum level A° found among all
relative estimates that:

A =maxy_gmin,_ pih, (X),qeK. (5.15)

Using the interrelation of Egs. (5.13) and (5.14), we can transform the maximin problem of Eq. (5.15)
into an extreme problem of the form:

A =max,_g\, (5.16)

at restriction

A< pin, (X)), k=1,K. (5.17)

We call Egs. (5.16) and (5.17) the A-problem with a priority of the g™ criterion.

The solution of the A-problem is the point X° = {X°, A°}. This is also the result of the solution of the
vector problem of Egs. (4.1)—(4.4) with the set priority of the criterion, solved on the basis of normali-
zation of criteria and the principle of the guaranteed result.
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In the optimum solution X° = {X°, A°}, X°, an optimum point, and A°, the maximum lower level, the
point of X° and the A° level correspond to restrictions of Eq. (5.9), which can be written as:

2 < pih (X°).k=1K.

These restrictions are the basis of an assessment of the correctness of the solution in the practical vector
problems of optimization.

From Definitions 1 and 2, “Principles of optimality”, follows the opportunity to formulate the concept
of the operation “opt”.

Definition 9. (Mathematical operation “opt”).

In the vector problem of Egs. (4.1)—(4.4), in which “max” and “min” are part of the criteria, the math-
ematical operation “opt” consists in determining such a point X° and such a maximum lower level A° in
which all criteria are measured in relative units:

:m,k:ﬁ, (5.18)
fe =1

i.e., all criteria of A, (X ? ), k =1, K, are equal to or greater than the maximum level of A° (therefore A° is
also called the guaranteed result).

Theorem 2. (The theorem of the most inconsistent criteria in a vector problem with the set priority).

If in the convex VPMP of Egs. (4.1)—(4.4) the priority of the g™ criterion of p/,k=1,K,Vqe K
over other criteria is set, at a point of an optimum X° € .§ obtained on the basis of normalization of criteria
and the principle of guaranteed result, there will always be two criteria with the indices » € K, t € K, for
which the following strict equality holds:

2<a, (X°)

2 =pih, (X°)=pir, (X°).rt K, (5.19)
and other criteria are defined by inequalities:
k”SpZ(X"),kzl,_K,quK,q;tr;tt. (5.20)

Criteria with the indices » € K, t € K for which the equality of Eq. (5.20) holds are called the most
inconsistent.

Proof. Similar to Theorem 2 [7].

We note that in Egs. (5.19) and (5.20), the indices of criteria 7, # € K can coincide with the ¢ € K
index.

Consequence of Theorem 1, about equality of an optimum level and relative estimates in a vector prob-
lem with two criteria with a priority of one of them.

In a convex VPMP with two equivalent criteria, solved on the basis of normalization of criteria and the
principle of the guaranteed result, at an optimum point X° equality is always carried out at a priority of the
first criterion over the second:

2=0 (X)) =ph(X°)h, (X°), X7 €S, (5.21)
where p) (X” ) =1, (X" )/7»2 (Xo ), and at a priority of the second criterion over the first:

2= pi(X0)h (X)) =2, (X°), X° €S,
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where p; (X”) =N, (X”).kl (X").
5.3. Mathematical algorithm of the solution of a vector problem with equivalent criteria
To solve VPMP (4.1)—(4.4), we proposed the methods based on axioms of the normalization of criteria
and the principle of the guaranteed result which follow from Axiom 1 and Principle of Optimality 1. We
will present it in a number of steps:
Step 1. VPMP (3.1)—(3.4) is solved for each criterion separately, i.e. at the maximum for Vk € K ,»and
at the minimum for Vk € K. As a result, we obtain: L
X, “isan optimum point by the corresponding criterion, k = 1
fi =1 ( i ) is the value of the k™ criterion in this point, k =
Step 2. We find the worst value of each criterion on S f,c Lk = 1, K . For this purpose, we solve problem
(4.1)—(4.4) for each criterion of k£ =1, K, at the minimum:

S =minf,(X),G(X)<B,X20,k=1,K,.
Problem (4.1)—(4.4) is solved for each criterion k =1, K, at the minimum:

fP=max f,(X),G(X)<B, X>0,k=1,K,.

As a result, we obtain: X = {x 2 j=1,N } which is an optimum point by the corresponding criterion,
k=1K; f)=f (X 0) which the value of the k™ criterion in the point of X, k =1, K.

Step 3. We perform a system analysis of a set of Pareto optimal points. For th1s purpose, in optimum
points of X = {X Z, k=1,K } we determine the values of criterion functions of F(X") and relative esti-

)fk()fk
A

k k

mates X(X*),Kk(X ek:

x(x*):{xq(x,j),qzl, k=1, }: . (5.22)

In general, in VPMP, the relative Vk € K estimate of A, (X ), k =1,K lies within 0< A, (X) <1,
k=1,K.

Step 4. Construction of the A-problem.

The construction of the A-problem is carried out in two stages:

Initially, we construct a maximin problem of optimization with the normalized criteria which at the
second stage is transformed to the standard problem of mathematical programming called the A-problem.
For the construction of a maximin problem of optimization, we use definition 2:
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VX eS A=min,_ \, (X)

The lower A level is maximized with respect to X € S, as a result we formulate a maximin problem of
optimization with the normalized criteria.

A’ =max,_gmin,_ A, (X). (5.23)

At the second stage, we transform problem (5.23) into a standard problem of mathematical program-
ming:

7\'0 :maxXe S7\" - }\‘0 = maxXeS}\" (524)

A=, (X)<0,k=1,K, — A- £ (%) Ofk <0,k=1,K, (5.25)
fk Sk

G(X)<B,X>0, - G(X)<B,X>0. (5.26)

In A-problem (5.24)—(5.26), the vector of unknown X has the dimension of N+ 1: X = {X, x , ..., x  }.

Step 5. Solution of A-problem.

A-problem (4.24)—(4.26) is a standard problem of convex programming and for its solution we use the
standard methods.

As a result of solving A-problem, we obtain: X” = {X”, A°} is an optimum point;

fi (X ”) k =1,K are values of the criteria in this point;

LX) 1 fk
LK

A° is the maximum relative estimate which is the maximum lower level for all relative estimates of
Xk(X”), or the guaranteed result in relative units. A° guarantees that all relative estimates of kk(X") are
greater than or equal to A°:

by (X7)=

= 1 K are values of relative estimates;

o (X°)20 k=1,K or i°<),(X°),k=1K,X"€S,

and according to Theorem 1 the X° = {4°, X, ..., X} point is a Pareto optimum.

5.4. Mathematical method of the solution of a vector problem with criterion priority

Step 1. We solve a vector problem with equivalent criteria. The algorithm of the solution is presented in
Section 5.3.

As a result, we obtain: _

optimum points by each criterion separately X ; ,k=1,K and values of criterion functions in these
points of fk* fi (X Z ) ,k=1,K, which represent the boundary of a set of Pareto optimal points;

anti-optimum points by each criterion of X = {x j=1,N } and the worst unchangeable part of
each criterion of f; = f, ( ) -1,K;

X° = {X°, \°}, an optimum point, as a result of the solution of VPMP at equivalent criteria, i.e., the
result of the solution of a maximin problem and the A-problem constructed on its basis;

A°, the maximum relative estimate that is the maximum lower level for all relative estimates of kk(X"),
or the guaranteed result in relative units, A° guarantees that all relative estimates of Xk(X") are equal to or
greater than A°:
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W<, (X°),k=1,K, X eS. (5.27)

The decision-maker carries out the analysis of the results of the solution of the vector problem with
equivalent criteria.

If the obtained results satisfy the decision-maker, then the process concludes, otherwise subsequent
calculations are performed.

In addition, we calculate:

in each point X, , k =1, K we determine values of all criteria of: o

q= l,K{fq (XZ), q= l,K}, k=1,K, and relative estimates X(X*) = {kq (Xk), q=1K,

k:ﬁ},xk(x)zw,wem
H(X)e S (X)) 2o (X)) g (X))
F(X")= AMX7)= . (5.28)
(X5 ) S (X5) do (X ) (X5)

Matrices of criteria of F(X") and relative estimates of A(X") show the values of each criterion of
k =1, K upon transition from one optimum point X ,t , k € Kto another X ; ,q € K, i.e., on the border of
a great number of Pareto.

at an optimum point at equivalent criteria X° we calculate values of criteria and relative estimates:

fi(X°) k=1K: % (X°). LK, (5.29)

which satisfy the inequality of Eq. (4.27). In other points X € §°, in relative units the criteria of A =
=min, _ )\ (X) are always less than A°, given the A-problem of Egs. (5.24)—(5.26).

This information is also a basis for further study of the structure of a great number of Pareto.

Step 2. Choice of priority criterion of ¢ € K.

We know from the theory (see Theorem 1) that at an optimum point X° there are always two most in-
consistent criteria, ¢ € K and v € K, for which an exact equality holds in relative units:

Ao = Kq(X‘)) =L,(X),q,v € K, X € §. Others are subject to inequalities:

W<k (X°).VkeK,q#v=k

As arule, the criterion which the decision-maker would like to improve is part of this couple, and such
a criterion is called a priority criterion, which we designate g € K.

Step 3. We determine numerical limits of the change in the value of the criterion priority g € K.

For priority criterion ¢ € K, we use the matrix of Eq. (5.22) to determine the numerical limits of the
change of the criterion value:

LX) f(X)<f(X,).q€K, (5.30)

where fq (X ; ) derives from the matrix of Eq. (4.28) F(X"), all criteria showing values measured in physical
units, f, (X”), k =1,K from Eq. (4.29), and, in relative units of
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o (X7)<h, (X)<h, (X)) g€k, (5.31)

where A g (X ;) derives from the matrix A(X"), all criteria showing values measured in relative units (we

note that kq (X;) =1), kq(X") from Eq. (5.22).

As arule, Egs. (5.30) and (5.31) are displayed for analysis.

Step 4. Choice of the value of priority criterion (decision-making).

The decision-maker carries out the analysis of the results of calculations of Eq. (5.28) and from the
inequality of Eq. (5.30) chooses the numerical value fq of the criterion of ¢ € K:

f(x°)< £, < £, (X;) g e K. (532)

For the chosen value of the criterion of fq , it is necessary to determine a vector of unknown X°. For
this purpose, we carry out the subsequent calculations.

Step 5. Calculation of a relative estimate.

For the chosen value of the priority criterion of fq , the relative estimate is calculated as:

fo= 1)
A, =2t geK, 5.33
q f;]_f;] qe ( )

which upon transition from point X° to X ; , according to Eq. (5.27), lies in the limits:
o (X)) <, <h, (X))=1.

Step 6. Calculation of the coefficient of linear approximation.

Assuming a linear nature of the change of criterion of fq (X) in Eq. (5.30) and according to the relative
estimate of ?»q()() in Eq. (5.31), using standard methods of linear approximation we calculate the propor-
tionality coefficient between Xq(X"), kq, which we will refer to as p:

by =, (X°)
P el
q q
Step 7. Calculation of coordinates of priority criterion with the value fq .
In accordance with Eq. (5.32), the coordinates of the X? priority criterion point lie within the following
limits: X’ <X <X ;, g € K. Assuming a linear nature of change of the vector X = {xlq , ...,x]‘{,} we

determine coordinates of a point of priority criterion with the value jfl with the relative estimate of
Eq. (5.32):

X, :{xl" :xlo+p(x; (1)—x1°),...,x]’{, =Xy +p(x; (N)—x,"\,)},

where X = {xf, ey x]f,}, X, = {xq (1), s X, (N)}
Step 8. Calculation of the main indicators of a point Xq.
For the obtained point x _, we calculate: L
all criteria in physical units F¢ = { fi(X,) k=LK }

all relative estimates of criteria
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M =M k=LK, (X,)= "gpk*q_)ﬁ?" k=1,K,
the vector of priorities P =4 p! =M,k=l,_l< ,

7bk(Xq)

the maximum relative estimate A°/ = min ( Pk, (X . ) k=1,K )

Any point from Pareto’s set X, = {7»;’ X/ } € 8§ can be calculated in a similar way.
Analysis of results. The calculated value of criterion fq7 (X ; ) , q € K is usually not equal to the set ]:1 .

The error of the choice of qu =

fq (X ; ) - fq‘ is defined by the error of linear approximation.

Conclusion

Thus, the following results are obtained in the article.

1. The study and analysis of the management of the multi-level system of the state within the digital
economy has shown that the activities of state authorities aimed at managing the economic and social
development of the state include the relationship between the state, regions (subjects of the Russian Feder-
ation) and municipalities should be an integral part of the national policy of the state. We defined “Digital
economy” and showed its use in the management of a multi-level system of the state.

2. We carried out an analysis of economic and mathematical models of the company’s development
and on its basis we developed the theoretical foundations of mathematical modeling of the development
and management of an industrial enterprise: a cluster that represents the lower level of state management.
We proposed a mathematical model of the functioning of an industrial enterprise (cluster), represented by
a vector problem of mathematical programming. This model allows making an optimal decision consider-
ing a set of criteria (economic indicators) in the aggregate.

3. To solve the vector problem of mathematical programming, a mathematical apparatus based on the
normalization of criteria and the principle of guaranteed results is presented. The presented mathematical
modeling apparatus provides, first, an opportunity to solve one of the most important problems of the the-
ory of the firm - making an optimal decision based on a certain set of economic indicators (criteria) in the
aggregate, secondly, the numerical model of the enterprise allows you to assess the dynamics of production
development, economic indicators, relative growth rates, and collectively assess the investment required
for such production growth, and, thirdly, allows you to form a strategic plan for innovative development
of the enterprise, taking into account extensive and intensive factors (technologies) of production devel-
opment.

The direction of research related to the strategic development of the multi-level socio-economic system
of the state in the digital economy creates a methodological basis for the development and implementation
of management decisions focused on the priority areas of economic development of the state. In this direc-
tion, the structure of the multi-level hierarchical system of the state economy is developed, aimed at solv-
ing the problems of forecasting, strategic planning and management at individual levels of the state within
the digital economy. To solve the problems of forecasting and planning, a mathematical apparatus based on
the theory and methods of vector optimization has been developed. At the lower level of the hierarchical
system of the state economy, a mathematical model of a corporation (cluster) is studied, which takes into
account both extensive and intensive factors of production development. In the cluster model, the input
data is, first, statistical information and, second, technological information of the production preparation.
It is shown that in the aggregate, statistical, technological information, as well as the relationship with
consumers of products and with the financial (banking) sphere, is characterized as “digital economy”.
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The direction of further research is related to the practical implementation of mathematical models,
vector optimization methods and their use in the practice of forecasting, planning and development of all
departments of the state and industrial corporations (clusters) in particular.
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The reviews of scientific economic literature show growing complexity of interrelationships
between subject areas and discord among different types of publications, registered editions and subject
classifications. In this context, the need to comprehend the digitalization trends is becoming more
and more acute. This paper presents the results of bibliometric analysis of more than one and half
million publications indexed in the electronic bibliographic EconLit database in terms of digital and
industrial aspects and interrelation between them. The records, in which the title contains the terms
“digital” or “digitization”, “online”, “smart”, “mobile”, “internet”, “computer” or “computing”,
“telecommunication” and “software” were attributed to the “digital aspect”. The publications of
“industrial aspect” belong to 37 JEL micro categories of four-meso categories with the title of “Industry
Studies” (L6 Manufacturing; L7 Primary Products and Construction; L8 Services; L9 Transportation
and Utilities). The paper contains a set of indicators for assessment of the digitalization degree of
publications reflected in EconLit in 1991—2020. These indicators help to discover the “points of growth”
at the intersections of digital and industrial aspects in the research object and subject framework. The
presented results showed that the world economic literature continues to pay more attention to the
problems and methods of digitalization. Analysis of publication activity by sub-periods of 1991—-2020
helped to single out four terms (“online”, “digital”, “smart”, “mobile”) with a pronounced increase in
activity. Examples of some notable publications illustrate the most interesting trends. The highest values
of “digitalization rates” are in the category L63 Microelectronics, computers, communications. The
digitalization rates above average are in L8 Service, where the leader is L86 Information and Internet
Services; Computer Software. L7 Primary Products and Construction is only making first steps towards
digitalization. The thoughts about future research developments conclude the main section of the
article.
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2 AHO «MHCTUTYT NpuKIaaHbIX MPOEKTOB>,
MockBa, Poccuiickas denepaums

M3yyeHne HayyHOIl 5KOHOMUYECKON JUTEpPATYpbl MOKA3bIBAET PACTYIILYIO CJIOXHOCTb B3au-
MOCBSI3€i1 MeXy MpeAMEeTHbBIMU O0JACTIMU U OTCYTCTBUE HEOOXOAMMON COTJIaCOBAHHOCTU MEXIY
pPa3IUYHBIMU TUNIAMU NyOJUKALIMiA, 3apETUCTPUPOBAHHBIMU U3IAHUSIMU U MPEAMETHBIMU KJIaCCU-
dukanusamu. Ha aTom poHe cTaHOBUTCS BCe 60iee OCTPOit MOTPEOHOCTh B MOHMMAaHUM T€HASHLIU A
nudpoBu3anuu. B 1aHHOI cTaThe MpeacTaBIeHbl Pe3ybTaThl OMOIMOMETPUUECKOTI0 aHaln3a 60-
Jiee ToJIyTopa MUJUTMOHOB TyOJIMKAIMil, TIPOMHIEKCUPOBAHHBIX B 3JIEKTPOHHOI Oubinorpaduye-
ckoii 6aze nanHbIx EconLit, ¢ mo3uiuu undpoBoro u MHAYCTPUAIBHOTO ACTIEKTOB U B3aMUMOCBSI3U
MeXAy HUMU. 3alUCU, B HA3BaHUM KOTOPBIX COAEPXKATCI TEPMUHBI «IU(PPOBOI» UIu «1IMbPOBU-
3allMsl», «OHJIalH», «YyMHBII», «<MOOUJIbHBIIN», «MIHTEpHET», «KOMITBIOTEP» MJIM «KOMIMBIOTEPHbBIE
BBIYMCICHUS», «T€IEKOMMYHUKALIMU» U «IPOrpaMMHOE obecriedyeHue» OTHECEHbI K «IIM(POBOMY
acriekTy». B MmaccuB mybJuKanuii «<MHAYCTpUAIbHOTO aclieKTa» oTHeceHbl 3anucu EconLit mo Tpu-
nuatu cemu JEL-MukpokaTeropusiM, KOTopbie, B CBOIO O4epe/ib, BXOIST B UEThIPe MEe30KaTeTOpUHU
¢ 00LIMM MoA3arojoBKoM «HaycTpuanbHbie ucciaeaoBaHusi». B ux uncie: L6 «O6GpabarsiBatoliast
MPOMBIILJIEHHOCTb», L7 «[lepBUuHbIe IPOAYKTHI U CTPOUTENbCTBO», L8 «Ycayruy», L9 «Tpancnopr
1 KOMMYHaJIbHbI€ yciyru». B crarhe npeacTaBieH HaOOp nmokaszaTtesieil Ayl OLleHKU CTeneHu Hub-
poBM3alMM myoaukauuii, oTpaxeHHblx B EconLit B 1991—-2020 rr. DTu MHAMKATOPHI MOMOTAIOT
00HAPYXXUTb «TOYKM pOCTa» Ha IepecedyeHUU LM(PPOBBIX U MHAYCTPUATbHBIX acleKTOB B paMKax
00beKTa U IpenMeTa ucciienoBanus. [TogydeHHbIe pe3yabTaThl MOKa3aan, YTO B MUPOBO SKOHOMMU -
YeCKOU JInTepaType MpoaoJKAETCs YACISThCS BCe OObllie BHUMaHMS MpobdyieMaM U MeTofaam Hub-
poBU3alMU. AHAIU3 MYOJIMKAIIMOHHOW aKTUBHOCTHU 110 noanepuoaam 1991—-2020 romnoB nmo3Boiaui
BBIAEAUTh YEThIpe TepMUHA («OHJIAlH», «LU(MPOBOI», «YMHBI», «MOOMJIbHBIN») C BhIpa>kKeHHBIM
pocToM akKTUBHOCTU. [Iprmepbl HEKOTOPBIX MpUMeYaTeNbHbIX MYOIUKALUNA UUTIOCTPUPYIOT Hau-
Oosice MHTepecHbIe TeHAeHUMN. Hanbompinue 3HaUeHUs «TeMIa Hu(GpoOBU3aUU» — Y KaTeropuu
L63 «MUKpO3JIeKTPOHUKA, KOMITBIOTEPHI, CBS3b». [ToKa3aTenn HrbpoBU3allMK BhIIIE CPETHETO — B
Mme3okateropuu L8 «Yciyru»: B Heit tuaepoMm siBisieTcss Mmukpokareropust L86 « MudopmanmoHHbie
¥ MHTEPHET YCIYIu; IporpaMMHoe obecrieueHne». Me3okareropusi L7 «[lepBuuHbIe MPOLYKTHI U
CTPOUTEIBCTBO» J€IAET TOJIBKO MePBbI€ LIArK Mo NyTU LUGpPoBU3alMu. MbIcau 0 OyaylIMX HaNlpaB-
JIEHUSIX UCCJIEJOBAaHUI JOBEPIIAIOT OCHOBHOM TEKCT CTAThU.

Kumiouessbie ciioBa: 6MO1MOMETPUYECKUI aHAIN3, LIU(DPOBU3AIIMS, UHAYCTPUAIbHBIE UCCIIEIOBAHMS,
IyOIMKaIMOHHAs aKTUBHOCTD, Kiaccudukanus JEL, HoBble HallpaBlIeHMST UCCIeI0OBAHUI
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Introduction

A word search in titles and other parts of the bibliographic description of foreign (Scopus, Web of Sci-
ence, Google Scholar) and domestic (elibrary.ru) publications, conducted in March 2021, confirmed the
main conclusion drawn in [1] and in a number of other studies. In recent years, we have been observing
noticeable growth of research on digitalization (or the digital aspect) in general, and economics and man-
agement in particular. The number of publications in this area is constantly increasing. There is a growing
complexity of interrelationships between subject areas and discord among different types of publications,
registered editions and subject classifications. The need to comprehend the digitalization trends is becom-
ing more and more acute.

The Scopus citation system uses the ASJC classification. It singles out two macro categories for eco-
nomics and management out of 27 general categories. It presents 14 micro categories out of 334. At the
same time, the economic editions worldwide apply the JEL subject classification. At the end of 2020, it
had 859 micro categories. Electronic bibliography EconlLit, in addition to books and articles in scientific
journals, takes into account articles in collective volumes, PhD dissertations and working papers. In the
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latter, they provide new research directions at the intersections of subject categories. Because of these facts,
the problem of monitoring the accumulated economic knowledge in various available databases and iden-
tifying emerging research areas using bibliometric analysis remains urgent.

The object of the research is publications in EconLit from January 1, 1991 to March 31, 2021 (herein-
after — the observation period) related to meso categories with the general subtitle “Industry Studies”: L6
Manufacturing; L7 Primary Products and Construction; L8 Services; L9 Transportation and Ultilities.

The subject of the research will be publications, in which the title contains the terms “digital” or “digi-
tization”, “online”, “smart”, “mobile”, “internet”, “computer” or “computing”, “telecommunication”
and “software”. We will assume that publications with these terms relate to the “digital aspect” of econom-
ic research. If necessary, it is possible to expand the subject of research by searching the indicated keywords
not only in the titles, but in other parts of EconLit records as well.

The purpose of the study is to assess and, if possible, to illustrate the relationships in time for 1991-2020
and in the space of JEL subject categories from the standpoint of the industrial and digital aspects within
the framework defined by the object and subject of the research.

Three interrelated research tasks are the following:

1. To give an aggregated assessment of the publication dynamics for the terms of the “digital aspect”
based on the total number of records in EconLit for three adjacent periods of 1991—-2021.

2. To provide an aggregated assessment of the digitalization degree of publications reflected in EconLit
for the observation period, for all JEL micro categories included in the meso categories L6, L7, L8 and L9.

3. To refine the findings based on the expansion of the object base with the digitalization examples of
some notable publications.

Research methodology and database. The methodology is based on the concept of system-innovative
bibliometric analysis and mapping of economic literature [2], which is detailed in an original combination
of three methods: 1) terminological and lexical analysis, 2) determining the characteristics of publication
activity, 3) structural-morphological analysis. The source of information was the online version of the
EconlLit electronic bibliography and its 1,501,620 records of all six types of publications. These publi-
cations date to the period from January 01, 1991 (the date of introduction of the new version of the JEL
subject classification), and until March 31, 2021.

Detailing the methodology and the results of solving the first problem — an aggregated assessment of the
dynamics of publications based on the selected digitalization terms out of the total number of records in
EconlLit. NP denotes the total number of records in EconLit for a certain period with corresponding spec-
ification in each case. Table 1 shows the results of sequential pairwise partitioning of the period 19912021
(as 0f 21.03.2021) so that the corresponding NP amounts are approximately equal and the growth rate (T)
is close to unity. The letter N in the column designations indicates the number of records by periods that
have the last two digits of the calendar year: N9108 — from 1991 to 2008, N0921 — from 2009 to 2021,
N0914 — from 2009 to 2014, N1521 — from 2015 t0 2021, N1517 — from 2015t0 2017, N1821 — from 2018
to 2021. The end years of the allocated periods are after the designation of the growth rate T.

For the digital term, the label “All” indicates the search results in all fields of the record. The label “T1”
for “digital” as well as the terms in other lines concern the search results for the “term in the title”.

The bold type highlights the cases when the rate of growth of the term frequency is above the average
level showed in the NP line. We see that in the last decade in the world scientific literature, indexed in the
authoritative electronic bibliographic EconLit database, the number of works marked with such explicit
terms of the era of the digital economy as “online” and “digital” has grown most rapidly. Between these
terms, the frequency of the term “smart”, which modern smartphones and artificial intelligence works are
closely related to, is also growing rapidly. The fast development of mobile service has found expression in
absolute and relative volumes of the term “mobile”.

We emphasize that the year 1991 is the starting point in Table 1, so there is consistency of calculations
when solving research problems 1 and 2. Nevertheless, the conclusions will not fundamentally change if
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we take into account the small number of publications of the considered type published before 1991. The
first work with the term “online” in the title appeared in 1982 [3]. Then we see only four publications until
1991. Taking this into account, T = 5.21. The word “smart” can be first spotted in relation to Scottish
damask linen industry in 1963 [4], then there are 17 other works published until 1991 that leads to T =
= 4.78. “Digital” in the title appears in 1968 [5], with seven additional publications afterwards, resulting
inT=2.53.

Table 1. Comparative analysis of aggregated publication activityby selected terms of the “digital aspect”

Term N9108 N0921 T2108 NO0914 N1521 T2114 N1517 N1821 T2117
NP 745,902 | 755,718 1.01 399,209 | 356,527 0.89 205,158 151,567 0.74
online 351 1,854 5.28 440 1,190 2.70 508 683 1.34
smart 202 1,052 5.21 1,360 3245 2.39 1,403 1,847 1.32
digital (all) 1,544 4,605 2.98 682 1,172 1.72 600 572 0.95
digital (TT) 636 1,630 2.56 340 712 2.09 362 351 0.97
mobile 616 1,418 2.30 689 729 1.06 383 347 0.91
internet 1,598 1,583 0.99 799 784 0.98 452 332 0.73
computing 378 344 0.91 351 203 0.58 136 67 0.49
software 763 554 0.73 191 165 0.86 103 62 0.60
computer 899 356 0.40 180 164 0.91 95 68 0.72
telecommunication 1,884 630 0.33 403 227 0.56 141 87 0.62

For the “All” case, the gain will be 12 units, and T = 2.96. The term “mobile” was in the scientific
economic literature since 1963 in relation to “mobile homes” [6]. Until 1991, there were 58 such records
in EconLit. This fact resulted to a slight decrease in the growth rate (2.1 versus 2.3). Since the term “in-
ternet” first appeared only in 1992 [7], this did not affect the results in Table 1. Starting with the term
“computing”, there is a sharp increase in the number of publications with the analyzed terms until 1991
(marked by D90), and, accordingly, an even greater decrease in growth rates: computing [8] — D90 = 103,
T =0.72; software [9] — D90 = 130, T = 0.62; computer [10] — D90 = 557, T = 0.24; telecommunication
[11] — D90 =312, T=0.29.

Detailing the methodology and the results of solving the second problem — assessing the degree of digital-
ization by micro categories included in the meso categories L6, L7, L8 and L9. As in the solution of the
first research task, we extracted the Econlit data for two adjacent periods (1991—2008 and 2009—2021) and
used the search variant “terms in the title”. The search covered all 37 micro categories included in meso
categories L6, L7, L8, and L9 from the following list (the number in parentheses is the total number of
records in 1991—2021):

Industry Studies (InSt): Manufacturing:

« L60 (18371) InSt: Manufacturing: General.

« L61 (3652) Metals and Metal Products; Cement; Glass; Ceramics.

+ L62 (6896) Automobiles; Other Transportation Equipment; Related Parts and Equipment.

« L63 (4605) Microelectronics; Computers; Communications Equipment.

* L64 (2132) Other Machinery; Business Equipment; Armaments.

* L65 (7085) Chemicals; Rubber; Drugs; Biotechnology; Plastics.

« L66 (11168) Food; Beverages; Cosmetics; Tobacco; Wine and Spirits.

* L67 (3893) Other Consumer Nondurables: Clothing, Textiles, Shoes, and Leather Goods; House-
hold Goods; Sports Equipment.

« L68 (955) Appliances; Furniture; Other Consumer Durables.

+ L69 (286) InSt: Manufacturing: Other.

53



4 St. Petersburg State Polytechnical University Journal. Economics Vol. 14, No. 2, 2021>

InSt: Primary Products and Construction (PP&C):

« L70 (657) InSt: PP&C: General.

« L71(7358) Mining, Extraction, and Refining: Hydrocarbon Fuels.

« L72 (2542) Mining, Extraction, and Refining: Other Nonrenewable Resources.

» L73 (1341) Forest Products.

* L74 (1728) Construction.

« L78 (562) InSt: PP&C: Government Policy. L79 (5) InSt: PP&C: Other.

InSt: Services:

» L80 (3795) InSt: Services: General.

+ L81 (10156) Retail and Wholesale Trade; e-Commerce.

» 182 (9335) Entertainment; Media.

+ L83 (16049) Sports; Gambling; Restaurants; Recreation; Tourism.

+ L84 (5680) Personal, Professional, and Business Services.

» L85 (830) Real Estate Services.

+ L86 (9593) Information and Internet Services; Computer Software.

» L87 (705) Postal and Delivery Services.

« L88 (1835) InSt: Services: Government Policy.

« L89 (168) InSt: Services: Other.

InSt: Transportation and Utilities:

* 190 (719) InSt: Transportation and Utilities: General.

* L91 (1115) Transportation: General.

+ 192 (12097) Railroads and Other Surface Transportation.

* 1.93 (4348) Air Transportation.

+ 194 (13849) Electric Utilities.

« 195 (3141) Gas Utilities; Pipelines; Water Utilities.

« 196 (9613) Telecommunications.

« 197 (727) Utilities: General.

* L98 (12154) InSt: Utilities and Transportation: Government Policy.

* 199 (17) InSt: Utilities and Transportation: Other.

We used the following steps to calculate the indices in Tables 2 and 3.

1. We found the total record numbers for the first and second periods for each JEL code in the exam-
ination list.

2. We found the records with the terms of the “digital aspect” in the titles for the same periods and JEL
codes.

3. We calculated the corresponding ratios for each term and JEL code (column DE) separately for the
first period (K1) and the second period (K2) by means of dividing the frequencies of these terms by the
number of records, in percent (Tables 2 and 3).

The data labeled with “digital” includes the terms “digital” and “digitalization”, and the data labeled
with “computer” includes the terms “computer” and “computing”.

We distributed the columns with the term names in descending order of coefficients for the total num-
ber of records for the second period. Values that are greater than or equal to the overall average ratios given
in the NP line are in bold.

There are no lines L69 in Table 2 and 1.99 in both Tables due to the lack of publications of the required
type.

Unexpectedly, it turned out that the overwhelming majority of publications with codes from the L7
meso-region do not have any of the subject terms under consideration in their titles. Therefore, Tables 2
and 3 present the results only for meso categories L6, L8 and L9.

54



M.V. Lychagin, A.M. Lychagin

DOI: 10.18721/JE.14203 >

I
Table 2. Four terms of the “digital aspect” with increasing digitalization rates
DE Online Digital Mobile Smart
K1 K2 K1 K2 K1 K2 K1 K2

NP 0.05 0.25 0.09 0.23 0.08 0.19 0.03 0.14
L60 0.01 0.21 0.06 0.31 0 0.02 0 0.23
L61 0 0.09 0.07 0.09 0 0 0 0
L62 0.14 0.38 0.1 0.03 0 0.13 0.03 0.35
L63 0.29 0.69 2.06 1.84 0.82 4.88 0.08 0.51
L64 0 0 0.24 0.23 0 0 0 0.08
L65 0.06 0.19 0.03 0.03 0 0.03 0 0.06
L66 0 0.27 0 0.03 0.03 0.05 0.03 0.05
L67 0 1.17 0.17 0.05 0 0.05 0 0.09
L68 0 0.53 0.26 0.18 0.51 0.18 0 1.07

S 0.06 0.32 0.27 0.25 0.09 0.35 0.02 0.19
L80 0.09 1.17 0.09 2.34 0 0 0
L81 2.71 6.45 0.67 1.17 0.38 0.71 0.13 0.06
L82 0.83 2.36 3.64 3.97 0.46 0.95 0 0
L83 0.18 1.01 0.04 0.17 0.14 0.1 0 0
L84 0.43 0.62 0.06 0.47 0.49 0.07 0 0
L85 0 0.23 0 0.23 0 0 0 0
L86 1.79 7.18 4.28 6.80 0.73 3.18 0.12 0.69
L87 0.38 0.45 1.15 2.71 0 0 0 0
L88 1.08 1.87 8.5 2.50 0.18 1.79 0.18 0.16
L89 1.32 0 0.66 0 0 0 0 0

S 0.99 3.14 1.74 2.12 0.34 0.85 0.05 0.2
L90 0 0 0 0 0 0.4 0 0
191 0 0.33 0 0.5 0 0 0 0
L92 0 0.26 0 0.17 0.05 0.17 0.03 0.37
L93 0.17 0.55 0.06 0.08 0.06 0.16 0.06 0.16
L94 0 0.08 0 0.01 0.03 0.04 0.03 1.71
L95 0 0.05 0 0.05 0 0 0 0.56
L96 0.22 0.43 2.06 2.88 6.11 19.55 0.03 0.43
L97 0 0.27 0 0 0 0 0.85
L98 0 0.08 0.91 0.58 2.05 3.05 0 1.18

S 0.08 0.20 0.54 0.31 2.03 2.80 0.01 0.56

It is possible to consider the micro category L96 Telecommunications as a semantic indicator of the
analysis, since only in it we see complete coincidence of the subject term and the name of the micro cate-
gory. Considerable values of the K1 and K2 coefficients reflect this case. The number of tokens in the title
in the second period decreased by 66%, which almost coincided with the overall decrease in the NP line
amounting to 67%. The close link between the development of mobile communications and telecommu-
nications services leads to a significant increase in K2 in the “mobile” column and in the L96 row.
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Table 3. Four terms of the “digital aspect” with decreasing digitalization rates
DE Internet Telecommunication Computer Software
K1 K2 K1 K2 K1 K2 K1 K2
NP 0.25 0.21 0.25 0.08 0.17 0.09 0.1 0.07
L60 0.08 0.21 0.04 0.01 0.23 0.07 0.13 0
L61 0 0.09 0 0 0.14 0.09 0.07 0.04
L62 0.21 0.2 0.03 0.03 0.17 0.1 0.1 0.08
L63 0.62 0.28 1.89 0 10.16 2.49 1.85 0
L64 0.12 0.15 0 0 0.36 0.23 0.24 0.08
L65 0.09 0.06 0.03 0.06 0.11 0.11 0.09 0.11
L66 0.27 0.09 0 0 0.09 0.03 0.03 0.04
L67 0.23 0.19 0 0 0.06 0.05 0 0
L68 0.26 0.18 0 0 0 0.18 0 0
L69 0.60 0.83 0.6 0 0.6 0 0.6 0
S 0.19 0.16 0.21 0.01 1.16 0.23 0.27 0.03
L80 0.41 0 0.13 0.17 0.22 0.17 0.13 0
L81 5.26 1.87 0.06 0.03 0.16 0.06 0.03 0.09
L82 1.69 1.54 0.55 0.23 0.15 0.08 0.18 0.13
L83 0.69 0.37 0.02 0 0.14 0.05 0 0.02
L84 0.36 0.35 0 0.1 0.18 0.2 0.43 0.15
L85 2.02 0.92 0.25 0 0.25 0.23 0 0
L86 16.93 15.82 1.77 0.4 3.39 1.88 9.12 7.28
L87 0 0.9 0.38 0.45 0 0 0 0
L88 7.05 7.96 2.17 0.47 0 0.47 1.08 0.55
L89 1.32 0 0.66 0 0.66 0 0 0
S 4.96 3.26 0.54 0.14 0.84 0.34 2.01 1.07
190 0 0 4.24 0.4 0.64 0 0 0
L91 0.19 0 1.74 0 0 0 0 0
L92 0.16 0.07 0.45 0.05 0.24 0.05 0.03 0
L93 0.28 0.39 0.45 0 0.22 0.16 0 0
L94 0.03 0.06 0.43 0.15 0.05 0.02 0 0.01
L95 0 0.1 0.5 0.05 0.08 0 0
L96 5.83 4.85 29.08 15.36 0.58 0.24 0.09 0.24
L97 0 0.85 0.53 0.28 0.00 0.28 0 0
198 1.9 0.65 17.22 4.05 0.11 0.04 0 0
S 1.52 0.69 11.46 2.56 0.26 0.07 0.03 0.03

One of the innovations at the end of the XX century concerns the use of power line supports for fib-
er-optic communication lines. This has the reflection in the coefficients at the intersection of the “Tele-
communications” column and the .94 Electric Utilities row.

One may consider Tables 2 and 3 as a kind of “maps of the sea of economic research”. Cells with the
number “0” are the “sea surface”. As we move along the map, we come across the emerging “islands of
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digitalization”, each with its own publications reflected in EconLit. Of course, a more detailed description
of these sections requires a much larger volume (for example, as done in [12]).

Noteworthy is the “leap” of digitalization in the L60 category. Here you can find a “systematic litera-
ture review” under the intriguing title “Smart Factory as a Key Construction in Industry 4.0” [13].

For both periods and on average, the highest values of “digitalization rates” are in the category L63
Microelectronics, computers, communications. For it, the “online” and “smart” aspects are important.
The related issues of innovation, knowledge integration and learning are also discussed [14]. We also see
an increase in the coefficient of the L67 category, which includes “clothing, textiles, footwear, and leather
goods”. These products are subject to fashion, and for this, as stated in the article [15], it is necessary to
“respond quickly” using “logistics Internet platforms”, while not forgetting to use stochastic dynamic
programming to optimize management decisions.

The analysis of the coefficients for the L65 category led to the article [16], the title of which begins with
the question: “Is the Genie Out of the Bottle?” Although the article appeared in January 2019, its content
(conducting clinical trials of drugs using digital platforms and social networks) takes on a new dimension
during the pandemic. Article [17] in relation to the L68 micro category presents an interesting combina-
tion of the production of “green smart furniture” and the “innovative business model of the company” that
deals with this production.

In the online column in the L8 Service section, we see a significant number of cells with digitalization
rates above average. If we select the micro category L81 and the records from 2015 only, we find 305 en-
tries. By topics, among them with the definition of online are the following: retailer (72), shopping (64),
markets (39), order (21), offline (20), auctions (16), platforms (16), and customer (13). Adding the term
“digital” to the title yielded one book with two words “marketing” in the title [18] and 4 journal articles.
One abstract contains the following important statement for a correct understanding of digitalization: “au-
tomation will not replace lawyers, but will help them and make their work more efficient” [19].

Moving to micro category L82 yielded 82 entries since 2015 with topics corresponding to the name of
the micro category: advertising (26), newspaper (7), online game (7), music (6), ratings (5), etc. Already at
the level of publication titles, questions about the effectiveness of online advertising [20] and the usefulness
of “following the crowd” [21] inevitably arise.

Micro category L86 Information and Internet Services; Computer Software, thanks to its subject,
seems to “permeate” all columns in tables 2 and 3 with significant levels of digitalization. A sample of
1000 records with the L86 code for 2017—2021 shows the following initial frequency distribution of topics:
digital (154), platform (76), software (76), social media (60), broadband (56), China (43), cyber, security
(38), review (33), search, Google (32). For 2018—2021, we found 994 records, in which, in addition to the
previous one, the topics mobile (65), economic growth (44) and digital economy (27) appeared. Of course,
blockchain and digital currency were among the issues discussed [22].

The growing frequency of the term “smart” in category L94 Electric Ultilities is of great interest. Among
the 170 records, we see “smart meter” (57 entries), “smart grid technology” (10), “smart home” (8),
“smart charging” (often together with “electric vehicles™) (7). If we go to the total level of EconLit then
we find 1273 records including different combination with the word “smart”: city (220), grid (127), growth
(118), specialization (85), metering (79), money (64), climate (51), energy (38), economics (32), card
(31), home (27), market (20), innovation (15), policy (10).

We considered the problems brought up for discussion within the framework of the conferences IN-
PROM and ECOPROM in the recent years and could not ignore the following findings: in one title “clus-
ters teach to accelerate regional smart specialization” [23], “innovative regions” are considered from the
position of “smart innovation policies” [24], and there is a “smart innovation ecosystem” [25].

Features of digitalization of research within the meso category L7 Primary Products and Construction.
EconLit makes it possible to conduct a search both for the “micro category—term” pair using the search
phrase subjdesc: L70 title: digital, and for the entire set of the studied terms that characterize the processes
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of digitalization of research at once. In this case, the phrase will be longer: subjdesc: L70 title: digital OR
title: digitization OR title: online OR title: smart OR title: mobile OR title: internet OR title: computer OR
title: computing OR title: telecommunication OR title: software.

If you remove the words title: in the above phrase, then EconLit displays the publications with the
search term in all fields of record. The described search option for all terms and for micro categories of
meso category L7 at once, conducted on April 1, 2021, gave the following results:

L70(4; 21). L71(10; 139). L72(3; 57). L73(3; 45). L74(13; 65). L78(1; 15).

In parentheses, the first number is the total number of publications containing the search terms in their
titles; the second number is the search result in all fields of the record.

L70. Two of the four papers in the title search are working papers that explore developments in the US
telecommunications industry in 1990s. A working paper published in 2014 considers the topic of Smart
Cities in China. A digitalization term in an article dated 2020 can be found in the phrase “Online Citizen
Participation” [26]. In other publications of this micro category, the digital aspect is associated with the use
of computer modeling, as well as with the analysis of the development of telecommunications.

L71. Of the 10 publications found in the term-in-title variant, there are three units focused on software
(2004, 2008 and 2018), three on smart (“smart economy” in 2016, “smart policy” in 2017, “smart sanc-
tions” in 2020). We see “mobile offshore drilling” in [27], “cloud computing” in [28], “internet of things”
in [29], and “online big data-driven oil consumption forecasting” in [30].

In the search option for all fields, the frequency distribution of terms turned out as follows: software
(31), online (25), computer (25), internet (23), telecommunication (17), computing (12), smart (9), mo-
bile (9), digital (5). A comparison with the data in Tables 2 and 3 indicates a slower digitalization of studies
in comparison with other meso categories.

Among the works with the term “digital” in abstracts, we wish to highlight three articles. The first paper
presents the “digital elevation model” for assessing the social contribution to the work of mines [31]. The
second paper discusses the widespread use of “digital components” in complex systems for analyzing ac-
cidents at coalmines [32]. The third article concerns the search for answers to three calls to electric power
industry (decarbonization, decentralization and digitalization) [33].

Similarly, it is possible to analyze in more details other publications that touch on digitalization issues, both
in the remaining micro categories of the L7 meso category, and included in the L6, L8, and L9 meso categories.

General conclusions, discussion questions and possible research directions. The presented results of bibli-
ometric analysis based on the EconLit electronic bibliography showed that the world economic literature
continues to pay more attention to the problems and methods of digitalization.

This process is complex, and for a more complete understanding of it, it is necessary to use not only the
term “digital” and its derivatives, but also other related terms reflecting the ongoing changes. We suggested
one of the possible sets of such terms (digital or digitization, online, smart, mobile, internet, computer
or computing, telecommunication and software). Analysis of publication activity by the sub-periods of
1991-2020 helped to single out four terms (online, digital, smart, mobile) with a pronounced increase in
publication activity.

The JEL subject classification, in contrast to ASJC, makes it possible to assess the relationship between
digital and industrial (by 37 micro categories) aspects of economic research with more details. This article
is the first example (in the world literature) of such an assessment.

The obvious ambiguity of terminological and lexical analysis with the help of well-known bibliogra-
phies and electronic libraries is not only the choice of the terms themselves and their combinations, but
also the choice of fields for search (by names, by names and keywords, etc.). This was especially evident in
the analysis of micro categories of the meso category L7 Primary Products and Construction.

A possible direction for the development of the analysis can be a comparison of the results based on
EconlLit with the results of assessing the degree of digitalization of economic research based on the records
from the Scopus database.
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In all cases, we must not forget that bibliometric analysis, like any statistical or model study, presup-
poses addition from the side of meaningful analysis of both the texts of scientific publications and real
economic problems.
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Currently, digital technologies are penetrating all spheres of public life and are rapidly changing
the economic landscape of each country. The transport industry is actively introducing technical and
organizational solutions related to the creation of self-driving cars and their safe operation. The transition
to the widespread introduction of unmanned vehicles is associated not only with new opportunities for
personal mobility and commercial logistics, but also with the emergence of new risks of using artificial
intelligence technologies in vehicle traffic control and traffic regulation systems. In this regard this study
is devoted to the creation of a procedure and mechanism for state certification of unmanned vehicles.
The relevance of the study is determined by the characteristics of innovative solutions in this problem
area and the high social value of ensuring transport security, including the protection of information
interactions within the framework of intelligent transport systems. In the course of the study, the authors
have given a definition of certification of information security of vehicles. The article discusses domestic
and foreign experience in building certification systems for complex technical systems, including the
assessment of means and mechanisms to ensure their safe operation. An analysis of the content and
process of certification of unmanned vehicles was carried out from the standpoint of verifying compliance
with information security requirements. The object, subject and goals of certification of unmanned
vehicles are formulated. The work defines the composition and specificity of the tasks solved in the
course of certification. The characteristics of the methods and procedure for certification of unmanned
vehicles are given. The structure, regulations and mechanism for certification of unmanned vehicles
have been determined. Based on the results of the study, the authors substantiated recommendations for
improving the institutional framework and developing organizational solutions for creating a national
certification system for unmanned vehicles. It also provides a characteristic of promising research tasks
in the development of methodological support for the design of test platforms. The authors proposed a
set of measures for creating planning tools and conducting tests to assess compliance with information
security requirements for unmanned vehicles.
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ILlndpoBbie TeXHOIOIUU IIPOHUKAIOT BO BCe chephl 00IIECTBEHHOM XXMU3HU U CTPEMUTEIbHO Me-
HSIOT 9KOHOMMYECKUI JaHamagT KaxXa0i cTpaHbl. B TpaHCIOPTHOM OTpaciu aKTMBHO CO3[al0TCs
TEeXHUYECKUE U OPraHU3allMOHHbIC PEIICHMS, CBSI3aHHBIC C CO3JaHMeM OEeCITUIOTHBIX TPAHCTIOPT-
HBIX CPEICTB U UX Oe30racHoi aKcryaTauueit. [lepexon K MMpoKoMy BHEJAPEHUIO OECTIMIIOTHBIX
aBTOMOOWJIEH CBSI3aH HE TOJBKO C HOBBIMM BO3MOXHOCTSIMU TTePCOHAIbHON MOOUIBHOCTA U KOM-
MEpPUeCKOii JIOTUCTUKH, HO TAKKe U C BOSHUKHOBEHUEM HOBBIX PUCKOB UCTIOIb30BAHUS TEXHOJIOTUIA
WCKYCCTBEHHOTO MHTEJIIEKTA B CUCTEMaX yIpaBJICHUS IBUKEHUEM aBTOMOOWIISI U PeryJnupoBaHUs
TPAHCTIOPTHBIX MOTOKOB. B CBSA3M ¢ 3TUM HacToslIee uccieloBaHre TOCBALIEHO BOMIPOCaM CO3/a-
HUS TIOpsiiKa U MeXaHW3Ma ToCyJAapCTBEHHOUN cepTUhUKALIMU OeCITMIOTHBIX aBTOMOOMIICH. AKTY-
aJIbHOCTb UCCJIEIOBAHUS OTPENeIsieTCs XapaKTepPUCTUKOM MHHOBAIIMOHHOCTH PEIICHU B TaHHOM
Mpo0JIeMHOI 001aCTU ¥ BBICOKMM COLIMAIbHBIM 3HaUeHUEM o0ecIieueHUsl TpaHCTIOPTHOM Ge3oriac-
HOCTHU, BKJIIOYasl 3alIUTY MH(POPMAIIMOHHBIX B3aUMOJEHCTBUI MO pa3NIUYHBIM KaHajlaM CBSI3U B
paMKax MHTEJIEKTyalbHbIX TPAHCMOPTHBIX cUcTeM. B Xonme uccienoBaHusi aBTopamMu ObLIO JaHO
omnpeneneHue cepTudrKauu MHGOPMaIMOHHONH 0€30MacHOCTU TPaHCIIOPTHOI'O cpeaAcTB. B pabo-
T€ PaCCMOTPEH OTEUYECTBEHHBIM M 3apyOeKHBIN OMBIT MOCTPOCHUSI CUCTEM CepPTU(MUKAIIUU CITOXK-
HBIX TEXHUUYECKUX CUCTEM, BKJIIOUasi OLIEHKY CPEACTB U MEXaHU3MOB obecrieueHusl X 0e30macHoi
9KCIUIyaTallMu. BB BBIMOTHEH aHalM3 COIEpXKaHUs UM Tpollecca cepTuduKaunm 0eCTMIOTHBIX
aBTOMOOWJIEH C MO3UIIMI MPOBEepKU obecrieueHus: TpeOoBaHU MH(POPMALIMOHHOKW 6€30MacHOCTH.
ChopmynrpoBaHbl 00BEKT, MPEeAMET U LU cepTU(UKAIINU 0eCITMIOTHBIX aBToOMoOuMIIeii. B pabdore
OIpeJiesIeHbl COCTaB M crielu@uKa permaemMbix B Xojae cepTudukanuu 3agay. JlaHa xapakTepucTuka
METOJ/IOB U MOpsiiKa cepTUduKauy OeCUIOTHBIX aBToMoOMIek. OnpeaeseHbl CTPYKTypa, perjia-
MEHT U MeXaHU3M cepTuduKanuuyu 0eCcnuJIOTHBIX aBToMoOueii. Ha ocHOBe pe3ynbTaToB Mcceno-
BaHUSI aBTOpaMu ObLIM OOOCHOBaHBI PEKOMEHAAILIMU 10 COBEPIIEHCTBOBAHWIO MHCTUTYLIMOHAb-
HOII OCHOBBI 1 pa3paboTKe OPraHU3ALMOHHBIX PEIIEHUU ISl CO3MaHUsl HAIIMOHATbHOUW CUCTEMBI
cepTudUKauy 0eCIMMUIOTHBIX aBTOMOOMIeH. Takke 1aHa XapaKTepUCTUKA MePCIeKTUBHBIX UCCIIE-
JIOBaTeIbCKUX 3a7a4 B 00J1aCTU pa3pabOTKU METOANYECKOTOo 00ecneyeHns MPOeKTUPOBAHUS TECTO-
BBIX TJ1aT(OPM. ABTOpPaMU TIPEITIOXKEH COCTAB Mep JUJISI CO3IaHUs MHCTPYMEHTAPHS TJIAHUPOBAHMUSI
U MIPOBEJIEHUST TECTOBBIX UCIIBITAHUI T10 OLICHKE COOJIIoIcHUs TpeOoBaHWT MHPOPMaIIMOHHOM 6e3-
OIMacHOCTU OECITUIOTHOTO aBTOTPAHCIIOPTA.

KnroueBbie ciioBa: OeCIUIOTHBIN TpaHCHOPT, LIM(pPOBbIE TEXHOJOIUY, MH(pOpMallMOHHas1 6e3omac-
HOCTb, MOJICIMPOBAHUE YTPO3, TPOGUIIb TECTUPOBAHUS, CEPTUMUKALIMS TTPOTPAMMHOTO O0ECITeUEHMSI,
cepTudUKaLMs TEXHUUECKUX CPEJCTB, JIMIIEH3UPOBaHUE, aKKPEAUTALIMS, 9KOHOMUYECKast MOJIE/Ib cep-
TUpUKATIN
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Introduction

Implementation of technological innovation projects becomes pivotal for creating necessary conditions
for strategic tasks of the Russian Federation and achieving socio-economic development goals. This tech-
nological innovation will contour outlines of the national economic complex of the country. Transporta-
tion is one of the areas for perspective technical solutions deployment. Introduction of digital technologies
leads to deep transformations of traffic management systems, and, as it is often the case with innovations,
is associated with the emergence of new risks for unmanned vehicles safety.

The object of the present research is the transportation system of the Russian Federation. The subject
of the research is developing a framework for information security service certification which is used for
smart digital traffic management. The main goal of the study is to determine the key principles and tasks
of creating a national certification system for unmanned vehicles. These tasks are linked to the technical
solutions and organizational aspects for the development of testing grounds for information security level
of tech platforms integrating an unmanned vehicle and road infrastructure. The tech platforms are created
and introduced to the market of transportation services.

Caused by the general issue of ensuring road safety and the reasoning of state regulation of the tech-
nological development of the transport system, the main tasks of the study are to analyze existing ap-
proaches to ensuring the security of information interaction of connected and autonomous vehicles
with active components of an intelligent transport system infrastructure (the so-called technological
platform: Vehicle-to-Everything or V2X); to assess the impact of unmanned vehicle technologies on the
socio-economic development of the country and determine the content and specifics of certification of
unmanned vehicles from the standpoint of verifying information security requirements; to define the
object, subject and purposes of unmanned vehicles certification; to typify the tasks, methods and pro-
cedures for certification of unmanned vehicles; to define structure, regulations and mechanism of the
certification procedure for unmanned vehicles; to develop recommendations for improving the institu-
tional framework and management procedures as a basis of establishing a national certification system
for unmanned vehicles and the V2X technology platform used for building an intelligent transport sys-
tem on a city, regional and national scale.

Vision of the future transport system with digital technologies employed

The creation of unmanned vehicles for land, air and water transport is one of the leading trends
in scientific and technological development, which largely determines the future shape of the knowl-
edge-based economy [1]. The development of unmanned vehicles (UVs) for various purposes is of great
economic and social importance as a field of innovations that combine a number of advanced scien-
tific approaches and technical solutions (from the so-called key end-to-end technologies of the new
industrial wave: big data, artificial intelligence, wireless communication, internet of things, etc.). The
functions of driver support (drive assist), partial automation and conditional automation when driving
personal and commercial vehicles have become standard for 1, 2 and 3 classes of UV as per the SAE
International classification system that is generally accepted in the professional environment. Experts
state the further expansion of digital technologies to support production and organizational processes of
road transportation in urban, intercity and main road traffic, assessing the transition from the emerging
4 UV class (limited automation) to the 5 UV class (full automation) after 2025 (https://www.nhtsa.gov/
technology-innovation/automated-vehicles-safety).

The transportation industry is of key importance for the integration of the entire economic complex
of the Russian Federation spatial structure due to its vast territories. It shapes the opportunities for
establishing convenient international transport corridors with multimodal transportation as well [2].
While it is too early to talk about a full-fledged market of autonomous vehicles (only some regions
allowed limited operation of prototypes of UVs within certain sections of public-access roads), it is im-
portant to prevent the growth of the relative lag of the Russian Federation in the field of developing in-

65



4 St. Petersburg State Polytechnical University Journal. Economics Vol. 14, No. 2, 2021>

telligent transport systems (ITS) and developing hardware and software complexes for automatic driving
systems (IDS)!. Today the basics are being laid to establish the mechanisms for the distribution of a kind
of technological rent in the field of passenger traffic and cargo traffic, that are optimized at the national
and international levels of the economy, taking into account the evolution of the technical base of the
transport industry and the restructuring of demand for transport services.

Catching up development: from import substitution to technological leadership

The transformation of the geopolitical and geoeconomic systems has caused appearance of the
mechanism of unilateral restrictions in international relations as a tool of unfair competition to restrain
economic and technological development in the segmented world of the renewed project of globaliza-
tion. This leads to establishing of a “safety net” in the system of global affairs and cooperation? in various
fields to minimize the risks of successful implementation of national projects in the internal agenda of
dynamic and sustainable socio-economic development (SED) of the Russian Federation.

Therefore, the issues of deploying highly automated vehicles in the Russian Federation, including
unmanned vehicles, should be the focus of the state’s attention. It will contribute to the safe use of
imported and localized technical devices (and corresponding technological protocols, standards and
regulations) for intelligent transport systems. Moreover, it would be also beneficial to the establishing of
sustainable demand for domestic analogues of hardware components? for computer and communication
equipment which is crucial for critical information infrastructure facilities [3]. In the latter case, the
obvious consequence will be the active recovery of domestic microelectronics by means of employing
the strengths of the Russian science and engineering schools in the development of analytical, algorith-
mic methodology and software for the core of an automatic vehicle control system and a traffic control
system with the participation of autonomous and connected vehicles.

In modern conditions, the implementation of technical and organizational innovations portfolio
is linked with the emergence of new aspects of ensuring national security in the development and ap-
plication of digital technologies. A significant part of it is associated with the use of foreign solutions
and components for information-communication systems and hardware-software complexes for various
purposes. In this regard, Russian science and business should be focused on and stimulated to develop
original technologies and establish their own production of the entire range of components for UV and
ITS, taking into account the advanced experience of foreign manufacturers. It is noteworthy that in the
case of analysis of imported software and devices (components and finished products), we are talking
about the aspects of assessing compliance with national requirements and regulations of products and
technologies already prepared for practical use with a preliminary assessment of their economic effi-
ciency and commercial potential. In this case, the strategy consists in leading domestic developers to-
wards the implementation of the catch-up development opportunities. Firstly, they ensure the total costs
reduction within the life cycle of tested products and technologies. And secondly, they provide concen-
tration of resources on innovative projects in certain areas with a relative competitive advantage of the

! In ITS smart roads ecosystem includes solutions for collecting and processing data on vehicles and road infrastructure for decision-making by
road users, including operators of connected and autonomous vehicles: adaptive (smart) traffic lights; means of automatic recording of violations
of traffic rules (SDA); monitoring systems for difficult road sections; electronic means of non-stop fare payment; electronic means of payment
for parking (parking meters); connected information boards; traffic flow detectors; automatic weight and dimensional control systems; automated
lighting control systems; GPS / GLONASS positioning systems; other connected objects, for example, automatic road weather stations, road
controllers, travel stops (barriers), etc.

2 The well-known concept was reformulated in a statement by the Minister of Foreign Affairs of the Russian Federation S.V. Lavrov, who com-
mented on September 13, 2020, in the information and analytical program of the All-Russian State Television and Radio Broadcasting Company
(VGRTK), the situation with the EU’s actual refusal to implement its own strategic interests in the development of mutually beneficial economic
integration (see: https://www.vesti.ru/article/2457436).

3 New technical solutions for the national ITS ecosystem should be created in accordance with the requirements of the Federal Law “On the
Security of the Critical Information Infrastructure of the Russian Federation” dated July 26, 2017 No. 187-FZ and the order of the Government
of the Russian Federation dated January 17, 2020 No. 20-r “On the Strategy for the Development of the Electronic Industry of the Russian Feder-
ation for the Period up to 2030 and the Action Plan for its Implementation”. In particular, the roadmap currently being developed for the project
“New Generations of Microelectronics and the Creation of an Electronic Component Base” provides for financing of work in the amount of 798
billion rubles until 2024 (see: https://www.cnews.ru/news/top/2020-09-07_rossijskaya mikroelektronika).
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national scientific and engineering schools. The design, production and operation of the UV requires
a thorough analysis and comprehensive accounting for emerging risks in the field of ensuring the safety
of transport communications. When creating control systems for a vehicle and developing intelligent
complexes for traffic regulation, the safety of road traffic in the context of an expanding range of digital
technologies used is linked, first of all, with ensuring the protection of information interaction of the UV
with the road infrastructure (RI), i.e. cybersecurity of the V2X (Vehicle-to-Everything) technological
platform within the ITS [4].

Thus, along with direct state support for research and technical development in the field of autono-
mous vehicles, it is important to use institutional and organizational measures to regulate the emerging
technology sector for highly automated vehicles, including proactive arrangements of conditions for
the efficiency and competitiveness of technical solutions for autonomous vehicles in future national
transport system vision. In the context of the international competition in the field of high-tech, the
dominant country (countries) use protectionist measures to protect their leadership*. Under such cir-
cumstances, the lagging state, along with legal, but not very effective for ensuring national interests,
retaliatory sanctions actions, which are caused by external illegal unilateral restrictions, has a complete-
ly legal and rather effective instrument for regulating the sphere of technological cooperation for the
purpose of sustainable SED: the Institute for Certification of Products and Services. It is important that
its application is carried out from the standpoint of ensuring the safety of using ITS components and
technologies for the life and health of consumers.

Certification as a tool to support technological development

Certification, which emerged as a protection tool, has evolved into a complex toolkit, which has es-
pecially fully revealed its functionality in the digital environment of network forms of agent relationships
in the field of end-user protection, the economic partnerships establishing, as well as the support and
regulation of national technical / technological development [5, 6, 7, 8, etc.]. Certification as a state
control tool is a legitimate way to reduce the exclusive offer of imported goods and increase the export
potential of the goods of similar / interchangeable categories. The institute of certification solves the
issue of ensuring the price and non-price competitiveness of the domestic industry in the state internal
and foreign markets for high-tech complex products: requirements and restrictions simultaneously play
the role of technological and antimonopoly regulation. The certification allows the use of state control
on functional properties, quality characteristics and safety of products and technologies as a basis for:
evaluation of the modern scientific and technical level; assessment of the sensitivity of the requirements
of national standards and technological regulations; identification of the prospects for the localization
of production; correction of the national research and development program.

Safety requirements for products / services are a universal way of organizing and implementing the
homologation’ of imported equipment (and technologies, if we consider the procurement of industrial
equipment) of the UVs for the purpose of the following localization of the production of components /
products. This creates the basis for the further restoration and establishing necessary engineering-tech-
nical and production-technological competencies centers with developing corresponding industry clus-
ters in the national economy. Thus, certification of products / services will indirectly contribute to over-

4 Of course, now this leadership of the so-called developed countries of the outgoing technological generation is de facto extremely unstable,
taking into account both the growth rates of new world centers of economic power and scientific and technical competencies, and the specific
properties of common knowledge as a commodity in the networked global economy. However, this instability is also the reason the developed
countries are taking comprehensive measures to carefully protect their leadership positions in accordance with the commercial interests of
transnational corporations, which have a highly concentrated and well-functioning legal and organizational mechanism for controlling industrial
assets and financial flows.

> Homologation — bringing the technical characteristics of a product in line with the standards of the importing country in the certification pro-
cess [9, 10, 11, etc.]. This general term defines the scope of tasks and the content of the process of determining the degree of suitability of com-
munication equipment and assessing its compliance with national requirements (regional / local, if we are talking about operation in territories
with special modes of economic activity, including nature reserves). The necessary checks usually consist in comprehensive testing, including
checking the technical condition diagnostic systems, analyzing the signaling systems for operating modes and malfunctions, evaluating various
aspects of operational safety, characterizing electromagnetic compatibility, etc.
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coming the negative consequences of the process of restrictions on equal cooperation and on exports
associated with the revival of “bloc thinking” in the “developed” countries and the use of tools of com-
petition in the spheres of economic development and political containment of “unwanted” countries,
especially in the framework of the trade turnover of components, equipment and double-purpose tech-
nologies, which are widely represented in the control complexes of UV. Of course, first of all, in order to
overcome strategic gaps and technological backwardness, it is necessary to support national projects of
scientific research and technical development (including joint ones), but it is equally important to create
legal foundations and organizational mechanisms for ensuring scientific and technological development.
The institute for certification of products and services (more broadly, technological platforms) can play
a special role here. Obviously, as for controlled penetration of foreign products and technologies, and
for the development of own research and production base for the effective use of the certification in-
stitute in regulating the domestic UVs market, it is important to timely design and correct the content
of national technological standards and regulations. At the same time, a kind of general mechanism of
coercion to innovations is being developed: state measures to accelerate and regulate technological de-
velopment corridors are associated with financing the establishment of uniform regulatory requirements
and standard technical solutions. It is also true for the ITS sphere, where integration is possible only on
the basis of a common digital platform (the principle of interoperability and scalability in the escalation
of relevant investment projects at the international, national, federal, regional and municipal levels).

Thus, in the field of development and application of digital UV technologies, it is required to im-
plement a set of state measures to support technological and organizational innovations, including the
development of a regulatory framework and technical solutions, an organizational mechanism and an
economic model for a certification system in the market for testing devices and technologies to provide
a cybersecurity technological platform (TP) of the interaction of the UV with the DI when establishing
the rules and procedures for the accreditation of operators of the following services.

Object, subject and purposes of certification

Under the expansion of digital technologies and the increasingly complex electronic communica-
tions environment, cybersecurity is the most dynamically developing and critically important area for
the global connectivity of all spheres of society, including economic activity in an unmanned environ-
ment. The security of autonomous and connected vehicles allowed to special and public roads must be
properly established for the range of possible information threats of the regular operation of automatic
driving systems and interaction with active and passive components of the road infrastructure. Certifi-
cation (from lat. “Certum” — right, “facere” — to do) is a procedure carried out by the authorized body
to confirm the compliance of the inspected objects with the established requirements of technical reg-
ulations and the provisions of national standards in the form of issuing a following certificate (in order
to certify operational safety and application characteristics). The certification mode can be voluntary
(professional certification) and mandatory (state certification). TP UV-DI cybersecurity certification
based on the results of testing (analysis, assessment, validation, verification) refers to the sensitive area
of ensuring personal and public data and safety, therefore, it should be mandatory for all ITS equipment
market participants, UV for various purposes and transport services provided on the basis of UV.

Regarding the ITS, the object of UV cybersecurity certification is a wheeled vehicle® with installed
electronic equipment and software for automation systems for driving a car in a traffic stream and sys-
tems for information interaction with other road users and elements of road infrastructure. During the
audit, the subject of certification is to identify the individual characteristics of the cybersecurity of the
evaluated UV, analyze how these characteristics match with the declared parameters of the UV develop-
er / manufacturer, and determine the degree of stability of the UV cybersecurity maintenance system in

 An alternative wording is electronic equipment and software installed on a wheeled vehicle to automate the driving control of a car in a traffic
stream and systems for information interaction with other road users and elements of the road infrastructure of an intelligent transport system.
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the implementation of various scenarios of threats to information interaction between the UV and the
ID of urban and main roads. In the process of mandatory testing of digital communications security, the
aim of certification is to determine the degree of compliance of the V2X technological platform of the
tested UV with the requirements of the national cybersecurity standard) for connected and autonomous
vehicles with a driving automation class higher than 3.

Interaction mechanism of an autonomous vehicle with physical and cyber-physical infrastructure is
established by the complex use of the following key enabling technologies of smart mobility: a) auto-
mation; b) digital user interface; ¢) information interconnectivity; d) digital data. Each of these tech-
nologies has its own profile of risks associated with accidental and intent violation of normal operation
mode (use), which must be identified and assessed when certifying the object of analysis of the UV
cybersecurity. National certification system for UV cybersecurity should be based on proven approaches
for general model of an automated driving system specification, a model of threats from external sources
for TP V2X specification and a threat assessment method that are used for assessment and testing during
the design and development of a vehicle in accordance with the generally accepted V-type procedure for
analyzing safety [12, 13, 14, 15, 16, etc.].

We propose the guidelines for testing the UV cybersecurity for the assessment of the criticality of
threats to an automatic (automated) driving system:

» evidentiality, i.e. identification of threats that could be carried out during an attack in real condi-
tions, confirmed by actual cases of attacks with an assessment of the final proof for making a decision
on the need for correction (protection method);

* concreteness, i.e. defining clear elements and operations for use in the valuation method;

» operationality, i.e. formation of a workable (practical) procedure for identifying threats that can
be established with a focus on the critical path of events leading to serious problems for the safe oper-
ation of a highly automated vehicle, to determine the possibility in the process of vehicle development
to decide on the composition and priority of measures to protect automated driving system functions.

Analysis of existing approaches (see [17, 18, 19, etc.]) shows that to build a testing model and to
ground the verification methodology, it is necessary to proceed from the following approximate compo-
sition of active threats of deliberate violation of the UV cybersecurity contour:

1) Vulnerability in the telematics communication unit (TCU) that could be exploited to allow a
third party to remotely control the vehicle’s TCU or to get access to the electronic control unit (ECU).

2) Vulnerability in the vehicle’s entertainment system, which can be exploited by a third party re-
motely: to determine the location of the vehicle and then switch to the vehicle’s remote control mode
by invading the vehicle’s built-in system from an exploited port of the cellular network and falsifying the
controller firmware; unlock the doors of the vehicle by sending a command from the telematics server
that is potentially dangerous for road users; to get access to confidential information on the operation
of the car: leakage of information about the user ID and password can be used to activate the service
settings of control systems; to gain access to confidential information on the operation of the vehicle:
leakage of information about the user ID and password can be used to activate the service settings of
control systems, etc.

3) Vulnerability in a wireless LAN that could be exploited to allow a third party to remotely control
an unmanned vehicle by directing the user to an attacking site using a fake Wi-Fi hotspot or over a public
cellular network.

4) Vulnerability in a mobile application that can be exploited to allow a third party to remotely
control the settings of the human machine interface (HMI), air conditioner, burglar alarms and other
devices via a Wi-Fi access point (DSRC) in a connected or offline car.

5) Vulnerability in a connected service, which can be exploited to allow a third party remotely: to
conduct false authentication and control other vehicles during authentication between smartphones
and the server API of the user (owner / operator) of the UV; to unlock and open the doors by gaining
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access to the UV when the security token used to authenticate smartphone devices expires; enter an
unintentional code from a USB port inside the car to distort the autonomous vehicle navigation (AVN)
settings, etc.

Let us characterize the problem area and the available testing tools for UVs cybersecurity, determined
by the specifics of the main parameters of the V2X technological platform within the ITS.

Objectives, methods and order of certification

The common task of the verification and validation methods for UV solutions is to obtain confirma-
tion that the automated driving system tested for compliance with safety requirements ensures a positive
balance of risks in comparison with the characteristics of a human driver, taking into account all possible
driving scenarios arising from a noticeable external influence. It is assumed that full testing of each indi-
vidual threat scenario is not appropriate and technically feasible, therefore an acceptable and practical
way to demonstrate / confirm the security of a system is based on a statistical assessment method. And
although the experience of the commercial operation of the UV is still insufficient (there are examples
of local use in the field of public transport), the accumulated material of laboratory and field tests and
experimental operation in limited urban spaces allows us to formulate critical provisions for character-
izing the profile of the cybersecurity threats of the UV [20, 21, 22, etc.], as well as even standardize the
basic requirements for normative values and methods for assessing cybersecurity during research and
certification tests of UV [12, 23, 24, etc.].

For example, in [25], representing the so-called “white paper” in the format used, specialists and
experts from leading companies’ in the intelligent vehicle market formulated an integrated approach to
the consideration of topics and problems of automated driving safety, an overview of the basic elements
and methods of ensuring the safety of high automated vehicle, as well as the characteristics of the meth-
ods of testing the safety® of technologies and devices of the UV. Let us characterize the key points of the
provisions and recommendations that allow, according to expert estimates, to build, test and operate a
safe automated vehicle. When carrying out certification for a UV with automation level 3 and higher,
the following main challenges and tasks of security testing can be formulated, which make it possible to
identify the degree of compliance of the tested device (object) with the established requirements:

— Objective 1. Statistical demonstration of the system’s safety and positive balance of risks without
interaction with the driver / operator: here it cannot be assumed that the driver / operator is fully alerted
and involved in all scenarios, which implies the need to include statistical justifications in the general
reasoning for the safety of the automatic driving system;

— Objective 2. System safety in interaction with the driver / operator (especially when switching /
intercepting control maneuvers): the driver / operator must maintain awareness of the mode and receive
an unambiguous indication of any mode transitions, and the system must reasonably maintain an effec-
tive interception ability to maintain controllability, which defines the requirement to analyze the effects
of control interception on the safety of automatic driving;

— Objective 3. Consideration of currently unknown scenarios in traffic: new scenarios are a result of
the emergence in a common network environment of risks of situations associated with the operation of
a single automated traffic control system, and with interactions between individual automated driving
systems and vulnerable road users traffic, which makes it mandatory to test the safety of automatic driv-
ing due to changes in the real and virtual world of the road infrastructure (situation);

7 The companies: Aptiv, Audi, Baidu, BMW, Continental, Daimler, FCA US LLC, HERE, Infineon, Intel and Volkswagen. They constitute the
widest and most competent representation in the field of technology and system development, as well as in the production of components and
devices for creating BPA.

§ The focus here is on the development of security components and methods that are required to complement the long-standing and successful
commercialized SAE Level 1 (Driver Assistance, DA) and Level 2 (Partial Automation, PA) automation systems. It is important to note that
when characterizing SAE Level 3 and higher automated steering systems, the review authors consider the safety of a connected and autonomous
vehicle in an electronic communications network environment in two aspects: as security, if it concerns active threats (factors of influence and
impact of a predominantly digital environment), and as safety, if it concerns passive threats (factors of influence and impact of a predominantly
physical environment).
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— Objective 4. Verification of various configurations and variants of the system: since the automatic
driving system consists of several elements, it is possible for various reasons (including deliberate unau-
thorized actions) to arise situations of asynchronous software updates and / or changes in equipment,
which implies the need to test increased the number of options for the actual state of settings for assess-
ing the safety of the automatic driving system,;

— Objective 5. Validation of systems and subsystems based on machine learning: the functioning of
the elements of automated vehicles of the next generations relies on machine learning algorithms when
making control / regulatory decisions (for example, recognizing the traffic situation and evaluating ac-
tions), therefore, when assessing various impacts on them decomposition into individual components
is unacceptable, which requires adapting methods for testing the overall safety of the automatic driving
system.

An exemplary set of testing techniques is recommended in ISO 26262: 2018 “Road Vehicles — Func-
tional safety” [26], which is the basis of the current draft international standard (DIS) of the detailed cy-
bersecurity standard for ISU ISO / SAE DIS 21434 “Road Vehicles — Cybersecurity engineering” [27].
Test development methods are classified according to the degree of knowledge about the object under
test (OuT). Obviously, the already characterized variability in the control settings and behavior / oper-
ation parameters of the FUA level 3 and higher in the digital environment of information communica-
tions corresponds to the recommendation specified in ISO 26262. The test design methods are based on:

— scheme-based test design techniques;

— equivalence partitioning test design techniques;

— value test design techniques;

— search-based test design techniques;

— design of experiments;

— mutation test design technique;

— reactive test design technique.

Testing of a UV in the process of its certification (as well as in the process of its design / develop-
ment), depending on the specific design of the automated driving system, can be carried out with dif-
ferent testing purposes, which predetermines the combination of several test platforms for: a) different
stages / areas of verification: individual components — functionality and reliability; integration of auto-
matic driving systems components — static; UV systems in state control — static; UV systems in motion
control — dynamic; system of external and internal communications BPA — human-machine interface;
UV systems in the active environment of DI ITS; b) various test conditions: laboratories (software in
loop, SiL; hardware in loop, HiL; driver in loop, DiL); closed polygon; open road.

Thus, checking the compliance of an intelligent vehicle with the cybersecurity requirements of the
used TP UV-DI is a multi-level and multi-stage process. However, within the framework of state con-
trol, testing strategies with an emphasis on the entire automatic driving system should be used for man-
datory verification of the safety level of the developed or operated UV as a whole.

It is obvious that the necessary technical base and professional competencies for certification can be
organizationally and geographically distributed, which predetermines the need to optimize the structure
of the construction and regulation of the functioning of the national certification system for BPA.

Structure, regulations and certification mechanism

The goals and functions of certification determine the structure of the national certification system:
the state certification body for UV (with subdivisions of the federal, regional and local levels of au-
thority and responsibility); accredited certification bodies, accredited testing laboratories. The subject
and object of certification determine the inspection procedure: the conformity assessment procedure —
declarative; types of tests performed — selective (components and devices) and complete (products and
complexes), prototypes and serial products; types of official documents on the assessment of the char-
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acteristics of the cybersecurity of UV — test report, preliminary conclusion and certificate of conformity.
The tasks and methods of certification determine the verification mechanism: the testing scheme should
provide for both sanctions (manufacturer / importer: certification for the admission of UV and indi-
vidual components of the automatic driving system to the UV market, first introduced to the consumer
market and in the field of commercial / official transport services, including maintenance and repair of
components vulnerable from the point of view of cybersecurity), and periodic inspection control (owner
/ operator: confirmation of the safety of products that have already passed the certification procedure
and are allowed to operate — similar to the procedure for regular state technical inspection of vehicles for
their admission to operation and the conclusion of appropriate insurance obligations).

The basic principle of building a certification system and conducting any certification tests is the
independence of the testing laboratory, which conducts testing, and the certifying organization, which
further monitors the results of the tests carried out by the laboratory. At the same time, the state certifi-
cation body carries out a regular external audit® of the activities of the certifying organization and testing
laboratories, assessing the completeness and quality of their functions, which, if gross and / or system-
atic violations are detected, may lead to the suspension and revocation of licenses, and the cancellation
of accreditation certificates.

To fully reveal the I'TS potential and effectively counteract the emerging cybersecurity threats, it is nec-
essary to clearly and strictly coordinate the activities of all actors in the design and development, produc-
tion and operation of BPA. The problems they face are complex, therefore, on the part of the state, certain
efforts are required to concentrate professional competencies when developing the institutional framework
for certification activities in the field of UV, as well as organizing the training of qualified specialists and
creating a technical base for operators of the regulatory mechanism of this market.

It is obvious that the UV cybersecurity entirely depends on the competence and responsibility of
the subject conducting the tests. It is important that the existing capabilities of domestic engineering
centers, research laboratories and test sites are used to create a network of testing laboratories for the
national certification system. The key tasks, in our opinion, are:

— determination of requirements for the operator of the certification services market (critical
parameters: availability of competent personnel, availability and condition of test platforms for assess-
ing the characteristics of equipment (hardware, HW) and programs (software, SW) for ITS from the
standpoint of compliance with the characteristics of UV cybersecurity;

— development of a procedure for accreditation / certification of authorized certification organiza-
tions and testing laboratories: the use of a state control tool in the field of cybersecurity ITS is important
for regular monitoring of the competence and equipment of market participants in the certification of UV,

— substantiation of the economic model of the UV certification process: the tariffs for certification
and testing services should be determined differentially based on the type of UV, TP parameters of the
information and communication interaction between the UV and the ID and the market capacity for the
tested type of UV, as well as depend on the set of tests performed (coverage of current costs ) and applied
test platforms (covering investment costs for the necessary periodic modernization of test platforms and
maintaining a high technical level of the tools for assessing compliance with the requirements of UV and
ITS cybersecurity in connection with the rapid pace of innovation in the IT sphere).

Of course, the considered aspects of UV certification do not cover all issues of ensuring cybersecurity
in the ITS environment and do not provide an exhaustive description of the problem of testing compli-
ance with TP UV-DI. However, the arguments and formulated provisions can be used to justify organi-
zational decisions and form the basic requirements of technological regulations for assessing condition
and control of UV admission to operation on public roads.

° In addition, the state certification body, in the event of incidents at the facilities, requests from consumers of certification services, or receiving
requests from law enforcement agencies in accordance with the established procedure, related to the leakage of confidential and sensitive infor-
mation about applicants and certification objects, may inspect certification organizations and testing laboratories.

72



4 O.M. Pisareva, V.A. Alexeev, D.N. Mednikov et al. DOI: 10.18721/JE.14204 >

Results, conclusions and recommendations

The study made it possible to identify the key problems and formulate the main issues of building
a national cybersecurity certification institute within the framework of the ITS being created with the
expanding scope of application of unmanned vehicles.

From our point of view, the complex of works to create a certification system for UV within the
framework of ITS should include the following areas: improving the legal base for the verification and
validation of systems and technologies for ITS; developing the functionality of the state certification
agency and its territorial infrastructure; creation of a mechanism for licensing, accreditation and cer-
tification of participants in the testing process; organization of design, development and production of
national software-hardware complexes for test platforms evaluating the level of cybersecurity of V2X
technologies.

There are two approaches in the legal field of Russian legislation that are used to certify cybersecurity
tools in the field of ITS based on the corresponding types of regulatory documents:

— Functional testing of UV identifying the fact of implementation of the declared functions by the
checked object (product-product or technology) of the ITS. This testing is most often carried out for
compliance with a specific regulatory document!® — technological regulations. In some cases, in the
absence of a document establishing the regulatory characteristics for cybersecurity for a certified object,
the necessary functional requirements are formulated in the form of technical conditions or technical
specifications (in accordance with the provisions of the GOST R 15408 standard).

— Structural testing of the program code used in the UV (HW and SW automatic driving systems and
digital communications), which determines the absence of undeclared capabilities. That is, there is an
identification of software tabs which initiate the performance of functions that are not declared and not
described in the documentation to the components / devices of the UV upon the occurrence of certain
conditions or when external authorization is carried out, which allows unauthorized influences on the
monitoring and control information and, therefore, on the operating modes of the UV (in accordance
with the provisions of the standard GOST R 51275-99).

The general organization of the certification process in accordance with common approaches and
established practices in the regulatory area can be as follows:

1. The applicant submits an application to the federal / territorial certification agency for certification
tests of the UV cybersecurity (component of automatic driving systems and digital communications).

2. The state certification agency determines the accredited certifying organization and testing labo-
ratory for testing the UV cybersecurity.

3. The testing laboratory together with the applicant determines the testing plan''.

4. The certifying organization and the applicant enter into a contract for the provision of certifica-
tion services based on the agreed composition and cost of certification work.

5. The testing laboratory, as a co-contractor of the contract, conducts certification tests of selected
product samples provided by the applicant in accordance with the selection rules for a full range of test
and assessment works to confirm compliance with the UV cybersecurity requirements, including iden-
tification and analysis of documents submitted by the applicant.

10 For instance, the Federal Service for Technical and Export Control of the Russian Federation (until 2004, the State Technical Commission of
Russia) established such guidelines for firewalls and means of protection against unauthorized access (see: https://fstec.ru/tekhnicheskaya-zash-
chita-informatsii/dokumenty/114-spetsialnye-normativnye-dokumenty/383-). In addition, for commercial software products, one can note the
requirements for source code security auditing contained in the international standards PA DSS, PCI DSS and NISTIR 4909 (see: https:/www.
aadyasecurity.com/what-is-security-compliance- and-why-should-you-care).

" The test plan based on the accepted application includes the main certification conditions: certification scheme; regulatory documents on the
basis of which certification will be carried out; information about the expert organization that will analyze the state of production, if provided by
the certification scheme; the procedure for selecting samples of components / products for testing; the procedure for testing samples of compo-
nents / products; the procedure for assessing the conditions for the production of components / products and the characteristics of information
security of the developed (prototype) or operated (industrial design) BPA; criteria for assessing the compliance of UV cybersecurity with the
requirements of technological regulations (state standard); the procedure for providing, if necessary, additional documents confirming the safety
of components / products that are used in the BPA for operation in the environment of the national ITS.
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6. On the basis of the protocols with the test results the testing laboratory prepares: a) preliminary
conclusions on conformity (during a separate stage or one of the full cycles of cybersecurity testing), if
certain inconsistencies with the established / declared requirements are revealed, which can be elimi-
nated by the applicant in the course of work; b) the final conclusion (upon completion of the work plan
for testing the object of verification provided by the applicant).

7. Test materials are transferred to the federal / territorial certification agency for an independent
examination of the results of testing the UV cybersecurity (independent examination is carried out with
the participation of at least two licensed expert organizations, which must confirm both the complete-
ness and correctness of the tests, and the validity of the formulated conclusions and recommendations).

8. On the basis of the conclusion of the certifying organization within the established regulatory
period (for example, 30 days) the state certification agency: draws up a certificate of conformity for the
test object; organizes, in case of revealing any potentially removable inconsistencies, an additional ex-
amination with a change in the composition of the involved accredited certification organizations and
testing laboratories; decides on the refusal to issue a certificate, providing the applicant with an act of
work performed and a conclusion with justification of the identified discrepancies of the UV (compo-
nents / products of automatic driving systems and digital communications) in terms of cybersecurity.

The transition to mass industrial and personal use of UV and the creation of a national certification
system for assessing cybersecurity for TP UV-DI presupposes an introduction of significant changes and
extensions of Russian legislation, including the correction of certain norms of the civil, administrative
and criminal codices of the Russian Federation. First of all, we point out that in accordance with the
provisions of Article 25 of the Federal Law No. 184-FZ “On Technical Regulation” dated 27.12.2002
(asamended on November 28, 2018), the equipment used and the services provided in this sphere should
be included in the Unified list of products subject to mandatory certification'?, they require mandatory
confirmation of compliance with the established safety requirements and quality characteristics should
as determined in the technological operating regulations.

Here, it is important to ensure interdepartmental and inter-organizational interaction in the field of
standardization of the development and operation of UV. It should be noted that the general functions
of accreditation are concentrated in the Rosaccreditation'® of the Ministry of Economic Development
of the Russian Federation, which currently has 6 territorial agencies in federal districts. Taking into
account the specifics of the task of assessing the vulnerabilities of information interaction within the
TP UV-DI, it is necessary to choose an organizational form of cooperation between the Ministry of
Transport of the Russian Federation (Federal Service for Supervision in Transport, Rostransnadzor) and
the Ministry of Internal Affairs of the Russian Federation (State Inspectorate for Road Safety, Traffic
Safety Inspectorate) with authorized state agencies in the field of cybersecurity: the Federal Security
Service of the Russian Federation (Center for Licensing, Certification and Protection of State Secrets,
CLCPSS FSB of Russia) and the Ministry of Defense of the Russian Federation (Federal Service for
Technical and Export Control, FSTEC of the Ministry of Defense of Russia), which have the necessary
powers and capabilities to assess the compliance of inspected objects with cybersecurity requirements.
The main forms and mechanisms of certification for most of the cybersecurity means (SIS) and software

12 Decree of the Government of the Russian Federation No. 982 “On approval of the unified list of products subject to mandatory certification
and the unified list of products, the conformity of which is confirmed in the form of a declaration of conformity” dated 01.12.2009 (revised on
July 4, 2020).

13 The Federal Service for Accreditation (Rosaccreditation) is a federal executive organization performing the functions of the national accred-
itation body of the Russian Federation. Rosaccreditation was established in 2011 in accordance with the Decree of the President of the Russian
Federation dated 24.01.2011 No. 86 "On the Unified National Accreditation System" and operates on the basis of the Regulations on the Fed-
eral Accreditation Service, approved by the decree of the Government of the Russian Federation "On the Federal Accreditation Service" dated
17.10.2011 No. 845 (revised on 23.03.2020). Rosaccreditation is administered by the Ministry of Economic Development of the Russian Feder-
ation. The sphere of activity of Rosaccreditation is: formation of a unified national accreditation system; control over the activities of accredited
persons. In addition to information security tools, FSTEC also checks IT systems that store personal data: servers and networks of companies
or cloud storages. This verification procedure is called the attestation of IT systems, carried out in accordance with the standards of the security
levels of the Federal Law "On Personal Data" dated 27.07.2006, No. 152-FZ (revised on 20.04.2020).
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are the certification systems for the CLCPSS of the FSB of Russia and the FSTEC of the Ministry of
Defense of Russia. The FSB (CLCPSS) certification is intended for testing software subsystems that
use cryptographic protection (in the Russian Federation, only national crypto protection algorithms are
allowed). The requirements of the FSB certification systems are not public; familiarization with them
requires special approvals. The MO (FSTEC) certification is intended to verify the technical protection
of information by non-cryptographic methods. The requirements of the FSTEC certification system are
open and published on the official website.

The policy in the field of accreditation of certifying organizations and testing laboratories for check-
ing the requirements and certification of TP AV-DI should be determined with the participation of
specialized units of the Ministry of Transport of the Russian Federation (Department of State Policy
in the Field of Automobile and Urban Passenger Transport, Department of State Policy in the Field of
Road Facilities, Department of Transport security and special programs), as well as taking into account
the experience and specifics of functioning in the digital environment of traffic management centers
(TMS) of public legal entities of the Russian Federation, in the territories of which the infrastructure of
the national I'TS will be deployed. For the organization of testing of the TP UV-DI cybersecurity, the ex-
isting experience of work on certification of technical devices of ensuring transport security in terms of
technical devices / systems of inspection and intelligent video surveillance, used during the regular state
technical inspection of vehicles, can be used. On March 30, 2017, the Decree of the Government of the
Russian Federation No. 969 “On approval of the requirements for the functional properties of techni-
cal devices providing transport security and the Rules for mandatory certification of technical devices
providing transport security” dated 26.09.2016 came into force, in accordance with which mandatory
certification of technical devices providing transport security within the framework of periodic inspec-
tion of the condition of wheeled vehicles for various purposes, general requirements for them have been
established, and the responsibility for their certification is assigned to the FSB of Russia. It is reasonable
to assume that with the expansion of the scope of certification in the field of ITS, the accreditation of
certifying organizations and testing laboratories for testing UV cybersecurity can also be entrusted to the
CLCPSS FSB of Russia.

Conclusion

Expanding the range of automated functions or systems in vehicles has become a general trend in the
use of modern advances in science and technology. While the original primary motivation was to make
driving easier and the ride more comfortable, the next steps to automate driving are already focused on
reducing fuel consumption and environmental impact, while improving driving safety. At the same time,
it is obvious that automated driving and autonomous vehicle movement is a very difficult control task,
therefore, replacing a human driver with a computer is a real problem from a technical, organizational
and legal point of view.

Due to the emergence of new electronic components, the increased complexity of on-board elec-
tronic devices for automated driving and digital communications, the widespread use of intelligent tech-
nologies for automated traffic control and the rich information interaction of the vehicle with the exter-
nal road environment, the safety of transport systems is affected in two ways. On the one hand, machine
vision and artificial intelligence technologies can reduce the risks of road accidents involving UV. On
the other hand, the range of threats associated with a possible violation of the functional integrity and
operability of the UV due to intentional impacts on the electronic components of the automated driving
system of the vehicle and its information and communication interaction with the road infrastructure,
including traffic control centers within the ITS, is expanding.

This requires improvement of the norms and requirements of the legal and technical regulation of the
creation and operation of connected and automated vehicles (CAVs) for various purposes on sections of
roads of local and common use, which implies the expansion of the scope and tasks of testing the safety
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of public, personal, commercial and special vehicles, including by checking cybersecurity during valida-
tion and verification of devices / technologies of the UV and ITS components.

From the standpoint of integrated security in the development of unmanned vehicles for various
environments (ground, air and water), it is essential to build a national certification system for systems
and technologies ensuring the security of a technological platform for information interaction of UV
with the surrounding infrastructure of the organization of automated (connected and autonomous) traf-
fic in digital environment.

The issues discussed in this article make it possible to reveal the importance of the national certification
system for ITS components and technologies both from the standpoint of ensuring road safety and digital
sovereignty of the Russian Federation in the global network of automotive communications. This includes
supporting projects for the restoration of national microelectronics through the formation of sustainable
demand for electronic and element base for technical solutions of critical information infrastructure in
one of the large-scale and significant sectors of the Russian economy. One of the most important areas
for further research and development, in our opinion, should be the improvement of the methodological
support for the design of test platforms for control of the safety of U'Vs for test sites and laboratories, as well
as the development of comprehensive testing tools for assessing compliance with the cybersecurity require-
ments of unmanned vehicles in various modes / operation conditions [27, 28, 29, 30, etc.]. This will make
it possible not only to ensure an approximation to the best world practices and trends in the development
of end-to-end technologies for unmanned vehicles and the creation of a national mechanism to support
innovation [31], but also make the formation of intelligent transport systems in the context of the digital
transformation of society an effective and safe means of optimizing and accelerating logistics processes in
solving strategic problems of sustainable socio-economic development of the Russian Federation.
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IN THE MODERNIZATION OF THE ECONOMY
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In order to increase the competitiveness of the national economy, it is necessary to modernize and
diversify the branches of the real sector. At the same time, the process of diversification and modernization
of the economy and the structural transformation will be accompanied by a parallel interconnection.
Ultimately, these two interconnected processes ensure transition to innovative development. In the
country with innovative development, the export potential will be increased and sustainable economic
growth will be ensured through the production of high value-added products. This, in turn, increases
the national wealth and ensures the competitiveness of the national economy. The competitiveness of
the national economy guarantees the welfare of the population. Through the implementation of the
national economy modernization and structural transformation program in the world practice, many
developed countries have ensured sustainable economic growth based on innovative factors. In this
regard, Japan, Germany, the Republic of Korea and the People’s Republic of China have achieved
steady economic growth thanks to the deep structural transformation of the economy on the basis of
economic modernization strategies. Modernization includes the technical and technological renewal
of the leading sectors of the economy, the qualitative improvement, and ultimately, diversification of
production, as well as the development of human factor. In the context of modernization of the national
economy, it is crucial to form a state-of-the-art innovation program, to prepare a new generation of
personnel effectively using innovations and investments and preparing a new class of investors. For
this purpose, Uzbekistan needs a national idea for national technological development and domestic
market modernization. This program should allow Uzbekistan to facilitate its inclusion into the list
of the world’s most developed countries. From this point of view, the formation of an innovation
program, training of the new generation, effectively using innovations and investments, support for
the development of a class of owners, become important. This requires a well-thought-out program
for the technological development of Uzbekistan and the modernization of the domestic market. The
implementation of this program should create new opportunities for Uzbekistan to find a worthy place
in the ranks of the developed countries. In achieving these long-term strategic goals, the modernization
of the national economy and the implementation of structural transformations play a leading role. The
Strategy of Actions for the Development of the Republic of Uzbekistan for 2017—2021 has highlighted
that “enhancing its competitiveness through deepening structural transformation, modernization and
diversification of leading sectors of the national economy” is a priority.
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POJIb CTPYKTYPHbIX U3MEHEHUU
B MOAEPHU3ALIUN DKOHOMUKU
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s TIOBBILIEHUSI KOHKYPEHTOCIOCOOHOCTM  HAallMOHAJIbHOK 2KOHOMUKH  HEOOXOIMMO
MOJIEPHU3UPOBATh U AUBEPCUGDUIIMPOBATL OTPACIU PEaTbHOTO ceKTtopa. B To ke Bpemsi mpoliecc
nuBepcudUKaUM SKOHOMUKU C ee MoIepHM3aluell U CTPYKTYpHOH TpaHcdopmanuein OyneT
COMPOBOXIATHCS TapalJIeIbHON B3aMMOCBSI3bI0. B KOHEUYHOM MTOTe 3TU JBa B3aUMOCBSI3aHHBIX
npoiiecca o0ecrneynBaloT Mepexoj] K MHHOBAIIMOHHOMY pa3BUTHIO. B cTpaHe ¢ MHHOBallMOHHBIM
pa3BUTHEM 3KCHOPTHBIN MOTeHIMaA OyIeT yBeIWYeH, a YCTOMYMBBIM YKOHOMUYECKUIA POCT OymeT
obecrieyeH 3a CYeT MPOM3BOACTBA MPOAYKIIMU C BBICOKOW A00aBAEHHOW CTOMMOCTbIO. DTO, B
CBOIO OYepe/ib, YBEJIMUMBAET HAMOHAJIBbHOE OOraTcTBO M OOECleYrMBaeT KOHKYPEHTOCTIOCOOHOCTD
HAUMOHAJbHON 3KOHOMUKU. KOHKYpPEHTOCHOCOOHOCTh HAIIMOHAIbHOW 3KOHOMUKM — 3aJioT
OnaromnoJtyuusi HacesgeHus. Peasnsyst BMUpPOBOI MpakTUKE MPOrpaMMy MOJEPHU3ALIMY HALIMOHAJIbHOM
9KOHOMUKU U CTPYKTYPHBIX TTPE0Opa30BaHUil, MHOTUE Pa3BUThIE CTPAHBI 00ECIIEUMIN YCTOMUMBBIN
9KOHOMMYECKHUI POCT, OCHOBAHHBIII HA UHHOBALIMOHHBIX (hakTopax. B aTom oTHOomeHun AnoHus,
Iepmanus, Pecnyonuka Kopest u Kuraiickas Haponmnass PecnyGiauMka IOCTUIIM YCTOMYMBOTIO
9KOHOMMYECKOTO pocTa Ojarojapsi TJyOOKOW CTPYKTYpHOH TpaHchOpMalUuM SKOHOMUKM Ha
OCHOBE CTpaTeruii SKOHOMUYECKOW MoJepHU3auuu. MoaepHU3aluusl BKIIOYAET TEXHUYECKOE U
TEXHOJIOTUYECKOEe OOHOBJIEHUME BEIYIIMX CEKTOPOB 3KOHOMHUKM, KAa4eCTBEHHOE YJIydllleHUEe U, B
KOHEUYHOM WTOTe, NMBepcudUKalMi0 TPOMU3BOJCTBA, a TakXXe pa3BUTHE yeoBeueckoro dakropa.
B KoHTekcTe MOJepHM3alUMM HALMOHAJIbHOW 3SKOHOMUKMU <«KpailHEe BaXHO cGhOpMUPOBATH
COBPEMEHHYI0 MHHOBALMOHHYIO MPOTrpaMMy, MOJATOTOBUTb HOBOE IOKOJEHUE KaJpOB, KOTOpbIE
3(hGEKTUBHO UCTTOIB3YIOT MHHOBAIIMM U MHBECTUIIMK U TOTOBSIT HOBBII KJ1acc MHBECTOPOB. Beab mist
9TOro Y30eKUCTaHy Hy)XHa HallMOHaJbHAas UJesl HAllMOHAJbHOIO PAa3BUTHUSI, PA3BUTHUS TEXHOJIOTUI
U MOJIEPHM3AIMU BHYTPEHHETO PbIHKA, KOTOpas J0JKHA MO3BOJUTh Y30€KHUCTaHy YCKOPUTD JOCTYII
K HauOoJiee pa3BUThIM cTpaHaM Mupa. C 3TOil TOYKM 3peHUST BaXKHBIM CTAaHOBUTCS (DOPMUPOBaAHNUE
WHHOBALIMOHHOW MporpaMMbl, OOyuyeHHWEe HOBOro IMoKoJeHus, 3GhGeKTUBHOE MCIOIb30BaHNE
WHHOBALlMii M WHBECTULMU, MONAEPXKKA Pa3BUTUS Kjacca COOCTBEHHUKOB. JljIsi 3TOro HyxXHa
MpoayMaHHasi TporpaMmma TeXHOJOTUYECKOTO Pa3BUTHS Y30eKUCTaHa U MOIEPHU3AIIMU BHYTPEHHETO
pbiHKa. Peanu3anus aToit mporpaMMbl OJXKHA CO3/1aTh I Y30eKMCTaHa HOBbIE BO3MOXHOCTH 3aHSITh
JIOCTOHOE MECTO B Psijie Pa3BUTHIX CTPaH MUpPaA. B HOCTUKEHUN 3TUX JOJITOCPOUYHBIX CTPATETUUECKUX
11eJsieil BeAyIIyIo pojib UTPAIOT MOJEPHU3ALIUS HAIIMOHATBbHOM 9KOHOMUKY 1 TTPOBEIEHUE CTPYKTYPHBIX
npeobpazoBaHuii. B CtpaTeruu geiictBuii mmo pa3putuio Pecnyoauku Y3oekuctad Ha 2017—2021 ronbl
MOAYEPKUBAETCS, UYTO MPUOPUTETHOM 3amaueii SBISIETCS] «ITOBbIIIEHUE €€ KOHKYPEHTOCIOCOOHOCTH
3a CYeT YIJyOJIeHUsI CTPYKTYPHBIX TpeoOpa3oBaHuii, MONEPHU3ALIMY U AUBEPCUGDUKAIIMN BEIYIIUX
CEKTOPOB HalIMOHAbHOW SKOHOMUKU».

KnoueBsie ciioBa: MOACpHMU3alud, MOACPpHU3ALIMA 9KOHOMUKHN, MHBECTULIMHM, HALlTMOHAJIbHasA 9KO-
HOMMKaA, CTPYKTYPHBIC UBMCHCHU A, IPUOPUTETHI

Ccbuika npu uurupoanuu: Maxmynosa [LH., EnuceeB E.B. Ponab cTpykTypHBIX U3MEHEHUI B
MOJepHM3aluu 9koHoMuKkHY // HayuHo-texHuueckue Bemomoctu CITOTTIY. DkoHOMMUUECKME Hay-
ku. 2021. T. 14, Ne 2. C. 81-91. DOI: 10.18721/JE.14205

DTO cTaThsl OTKPHITOTO HOCTYyMa, pactpocTtpaHseMas no juueHsuu CC BY-NC 4.0 (https://crea-
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Introduction

In order to increase the competitiveness of the national economy, it is necessary to modernize and
diversify the branches of the real sector. At the same time, the process of diversification and moderniza-
tion of the economy and the structural transformation will be accompanied by a parallel interconnection.
Ultimately, these two interconnected processes ensure transition to innovative development. In the coun-
try with innovative development, the export potential will be increased and sustainable economic growth
will be ensured through the production of high value-added products. This, in turn, increases the nation-
al wealth and ensures the competitiveness of the national economy. The competitiveness of the national
economy guarantees the welfare of the population.
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Through the implementation of the national economy modernization and structural transformation
program in the world practice, many developed countries have ensured sustainable economic growth based
on innovative factors. In this regard, Japan, Germany, the Republic of Korea and the People’s Repub-
lic of China have achieved steady economic growth thanks to the deep structural transformation of the
economy on the basis of economic modernization strategies. Modernization includes the technical and
technological renewal of the leading sectors of the economy, the qualitative improvement, and ultimately,
diversification of production, as well as the development of human factor.

In the context of modernization of the national economy, it is crucial to form a state-of-the-art inno-
vation program, to prepare a new generation of personnel effectively using innovations and investments
and preparing a new class of investors. For this purpose, Uzbekistan needs a national idea for national
technological development and domestic market modernization. This program should allow Uzbekistan
to facilitate its inclusion into the list of the world’s most developed countries!.

From this point of view, the formation of an innovation program, training of the new generation, ef-
fectively using innovations and investments, support for the development of a class of owners become
important. This requires a well-thought-out program for the technological development of Uzbekistan
and the modernization of the domestic market. The implementation of this program should create new
opportunities for Uzbekistan to find a worthy place in the ranks of the developed countries.

In achieving these long-term strategic goals, the modernization of the national economy and the im-
plementation of structural transformations play a leading role. The Strategy of Actions for the Develop-
ment of the Republic of Uzbekistan for 2017—2021 has highlighted that “enhancing its competitiveness
through deepening structural transformation, modernization and diversification of leading sectors of the
national economy”? is a priority.

Purpose of the study. Analyze the role of structural transformations in the process of modernization of
the national economy of the country.

Research methods. In the process of the research, the structural method, systemic approach and group-
ing, comparative analysis, historical and logical method, scientific abstraction method and other methods
were used.

Results and Discussion

The world practice shows that energy- and capital-intensive production with high specific consump-
tion and a lack of integration of modern technologies in the national economy have a negative impact on
product competitiveness. The opportunity to identify priorities of stirring Uzbekistan to the path of inno-
vation will be facilitated through deep analysis of the conceptual aspects of accelerating the modernization
processes in the economy and implementing structural changes. In the global economy, research is under
way to establish a balance between the modernization of the economy and the structural changes.

In the process of formation of market relations in transitional economies, in most cases the concepts
of “reform” and “transit economy” have been used instead of modernization theories. However, a single
market institute was unable to ensure successful economic development, and the concepts of “modern-
ization”, “structural changes” and “national competitiveness” were introduced into the economic turn-
over. Modernization has begun to be regarded as a national program, not as a follow-up to the West [2,
p. 40-52].

In 1960, Walt Whitman Rostow, an American scientist and Professor of the Massachusetts Institute of
Technology, proposed a theory of transformation to the “self-sustaining growth” which had a great impact
on the shaping of the concepts of modernization of the economies of the developed Western countries. The
main idea of this theory is to transform a traditional society into a modern western society [4, p. 154—186],

! Mirziyoyev Sh.M. Address of the President of the Republic of Uzbekistan Sh. Mirziyoyev to the Oliy Majlis//www.president.uz
2 Decree of the President of the Republic of Uzbekistan "About the strategy of action for the further development of the Republic of Uzbekistan"
February 7, 2017, UP-4947//lex.uz
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and the scientist improved his views of “self-sustaining growth” with subsequent economic growth stages
[5, pp. 307—331]. Professor U. Rostow highlighted the following stages of economic growth:
1. Traditional society;
The preconditions for take-off;
The take-off;
The drive to maturity;
. The age of high mass-consumption.

Let us briefly describe each of the above steps in terms of the modernization of the economy in Uz-
bekistan. According to the theory of U. Rostow, more than 75 percent of the population of the traditional
economy is employed in agricultural production or processing, while the land resources are owned by
private owners or the state. Note that according to the statistics of sectoral distribution, between 2000 and
2017, 12.7—-13.5% of the population in Uzbekistan has been engaged in the industrial sector, while the
share of the population employed in agriculture and forestry amounted to 34.4—27.3%, being significantly
higher than in other sectors. It can be seen that the share of the employees in the industrial sector increased
insignificantly, for example, in 2000, 1145 thousand people were in the industrial sector, and by 2017 the
number increased up to 1825.2 thousand people. In agriculture and forestry, in 2000, 3093 thousand peo-
ple were employed, and by the end of 2017 3691 thousand people® worked in the same sector.

Despite the fact that the agrarian sector generated more than 19.2% of the country’s GDP, in 2017,
investments in this sector accounted for only 3.3% of the total amount [14]. Thus, on the one hand, the
increasing share of the manufacturing industry in the structure of GDP seems to be as a sufficient precon-
dition for the transition to the next stage of economic development. On the other hand, the share of the
economically active population employed in the agricultural sector in comparison with the other sectors
explicitly shows that the economy remains at the stage of the traditional society.

The second stage, called “The preconditions for take-off”, implies significant structural changes in the
three non-industrial sectors: agriculture, transport and foreign trade. In the economy of Uzbekistan, the
volume of agricultural production in 2000—2017 increased by 103.1—102.0% compared to the previous
period, while the foreign trade turnover increased by 97.9—111.0% in the same period.

The Strategy of Actions for further development of Uzbekistan in 2017—2021 includes the construc-
tion of Bukhara-Miskin railway line in 2017, electrification of Karshi—Termez railway line in 2017 and
Pop-Namangan-Andijan in 2017—2019 within the framework of improving the road condition and devel-
opment of road infrastructure, electrification of the railway line, reconstruction of railways.

The third “Take-off” phase has lasted from 20 to 30 years, with growth rates of capital investment going
up rapidly, the per capita output increases, and the introduction of new technologies in the industry and
agriculture will accelerate. If the development first occurs in certain sectors, then the entire economy will
be covered.

The fact that the share of fixed capital investments in gross domestic product is less than 24% ensures
the rapid implementation of structural changes and modernization of the economy*. The world practice
shows that the investment rate for modernization of the economy should be at least 25 percent.

If investment in fixed capital per capita in 2010 amounted to 543.4 thousand soms in the Republic
of Uzbekistan, then in 2019 it amounted to 5834.6 thousand soms, and by the end of 2020 it was 5900.9
thousand soms. If we analyze this indicator in 14 regions (Table 1), it is higher than in the Republic of
Karakalpakstan, Andijan, Jizzakh, Namangan, Samarkand, Surkhandarya, Syrdarya, Tashkent regions
and Tashkent city in 2020.

Table 1 shows, that the per capita investment in 2020 increased by almost 11 times compared to 2010.
The Kashkadarya, Bukhara and Navoi, which are the regions of large territory, have the potential to boost
this figure.

IS

3 Cer.uz
4 Cer.uz
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Table 1. Investments into fixed capital per capita in 2010-2020 (in thousand sums)

Change
Regions Years 2010 2015 2016 2017 2018 2019 2020 c::nzp(zg d
name to 2010
The Republic of Uzbekistan 543.4 1431.7 1608.6 | 2227.8 3769.6 5834.6 | 5900.9 109t
The Republic of Karakalpakstan 279.5 3388.2 2094.0 1542.2 3641.1 4644.4 | 42737 153t
Andijan 214.8 678.4 745.3 999.6 1550.3 2406.0 | 2772.4 129t
Bukhara 1273.5 | 2264.0 3237.6 | 6254.2 5112.4 5429.3 5812.1 4.6t
Jizzakh 319.5 1033.1 1125.1 1361.9 2693.9 5778.9 | 9291.9 29.0t
Kashkadarya 639.7 1969.9 2389.3 | 3583.4 5193.4 7534.6 | 6032.2 9.4t
Navoi 1987.6 1965.1 3168.1 4185.4 | 10892.1 | 17855.2 | 15954.9 8.0t
Namangan 237.1 863.8 1074.8 1340.3 2992.5 4344.1 4220.5 17.8t
Samarkand 296.8 912.0 1001.6 1189.4 1878.3 2674.9 | 3431.7 11.6t
Surkhandarya 271.9 773.0 879.1 1427.1 2848.3 4552.8 3737.3 13.7t
Syrdarya 532.3 1382.2 1660.3 | 2011.1 3280.2 7002.9 | 8404.0 15,8t
Tashkent 581.4 1595.0 1507.5 | 2087.2 3898.4 6970.0 | 6399.9 11.0t
Fergana 273.8 731.6 747.8 822.4 1516.8 2336.2 | 2990.0 109t
Khorezm 227.0 884.7 885.8 1215.1 1655.6 2718.4 | 3544.6 15.6t
Tashkent city 1472.4 | 2877.4 3848.1 5552.7 | 10627.8 | 16710.5 | 17062.5 11.6t

To switch to “self-supporting growth” automatically, several conditions must be satisfied:

1. A sharp increase in the share of investment in production of national income.

2. Intensive development of one or more industries.

3. Political victory of the advocates of modern society over the supporters of traditional society.

In the conditions of Uzbekistan, the above conditions were fulfilled in a certain sense.

At the fourth stage, according to U. Rostow, technical development era will begin, where the level of ur-
banization will increase and industrial production will be transferred to qualified managers. The beginning
of this phase dates back to 1850 in England, 1900 in the USA, 1910 in Germany, 1910 in France, 1920 in
Canada, 1930 in Sweden, 1940 in Japan, and 1950 in Russia.

At the fifth stage of high mass-consumption, there is a transition from supply to demand, from produc-
tion to consumption, i.e. the production is focused only on the consumption matching the demand. Later
on, U. Rostow adds the sixth stage of economic growth. This stage, called “the search for quality”, is char-
acterized by an increased demand for high quality durable goods [7, p. 230]. In Uzbekistan, the require-
ments of the fourth and fifth stages must be fully fulfilled to create decent living conditions for the people.

In modern literature, this topic has been studied by many authors. In particular, Collin Constantine
revealed the essence of economic structures, institutions and economic performance [17].

The modernization phase of the country’s economic development is an important step. Both the devel-
oped and the developing countries either have completed this step or are currently in the process of mod-
ernization. Modernization is a process of technological upgrade aimed at increasing the competitiveness
of products produced (works and services). It is a tool to eliminate technological retardation of enterprises,
which has a profound impact on the level of labor, resources and raw materials use. The results of mod-
ernization, technical and technological renovation determine the conditions for the rapid development of
high-tech, competitive production.

Modernization of the economy is a comprehensive concept, and its essence in economic literature is dif-
ferent. “The modernization is like an elephant: difficult to describe, but easy to recognize when you see one,”
says a Singaporean political scientist Goh Keng Swee [8, p. 1]. Economic reforms aimed at technological
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renewal of any production capacities do not always imply modernization. At the same time, any sector of the
economy that is subject to modernization does also experience a state of renewal. The theory of moderniza-
tion reflects the sum of the socio-economic and political development concepts which describe the process
of transition from a stable traditional economic system to modernized industrial society [9, p. 12]. The con-
ceptual essence of modernization is evident from the need for fundamental reforms to face the economic,
technological, institutional challenges and transition to a new stage in civilization development [10, p. 5].

Secondly, the stage of modernization of the economy will be realized within a certain period of time:
as a rule, from 10 to 30 years. Modernization experiences in the developed countries of the world in the
second half of the XX century are remarkable. Russian economist Prof. B. A. Heifets and A. B. Chubais
have systematized their successful modernization projects [11, p. 23], [12, p. 121].

Table 2. Successful modernization projects in the world

Country Name Launching of Modernization Dev:(l)ls:r?::l:lgligation Period
Japan Beginning of 1960 The end of 1970 20 year
USA Beginning of 1960 1980 25 year
Chili The end of 1960 The end of 1980 20 year
Taiwan Beginning of 1970 The end of 1990 25 year
Malaysia 1980 Beginning of 2000 20 year
Israel 1980 Beginning of 2000 20 year
India 1980 The end of 2000 20 year
China 1980 Beginning of 2000 20 year
South Korea 1980 Beginning of 2000 20 year
Singapore 1980 Beginning of 1990 10—15 years
Finland 1980 2000 15—20 years
Ireland 1980 2000 15—20 years

Table 2 shows that in developed countries, the duration of the modernization project is definite and
between 10 and 25 years. Studying world practice, the beginning of the modernization of economy in
Uzbekistan corresponds to the year 2005. The reason for that was the inherited stagflation economy, crisis
conditions from the period of ex-Soviet Unions, the structural transformation of 1990s with the period of
explosive economic growth. According to the table data, Israel, India, China and South Korea success-
fully completed the modernization in the early 2000s and achieved sufficient conditions to start using the
innovative model of economy.

In the modernization of the economy, one can switch from one model to another. According to many
economists and analysts, the models of global economic development vary in different periods or show the
power of influence on changes. The structure of global economic development models includes 6 subsys-
tems or submodels [13, p. 4]. These submodels are:

1. Global financial submodel (Global financial system).

Sub-model of trade and exchange relations.

Global production submodel.

Reduction of the population (labor resources) is a global submodel.
Institutional regulation of international economic relations submodel.
. Other self-propagating global submodels.

The countries that use a natural model of economic modernization, developed submodels 1—5 well and
have sufficient experience. Changes in submodels 1—5 are the result of the specific features of the countries
that have chosen the “catching up” model.

DU AW
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The Decree of the President of the Republic of Uzbekistan PD-5308 as of January 22, 2018 “On State
Program on Implementation of the Strategy of Actions for the Development of the Republic of Uzbeki-
stan in 2017—2021 in the Year of Support of Active Entrepreneurship, Innovative Ideas and Technologies”
identified certain tasks. Particularly, the third chapter of this program indicates the priorities of economic
development and active entrepreneurship support, namely, a step-by-step approach to a new model of
economics which consists in: promoting macroeconomic stability, maintaining high economic growth,
and developing “smart” technologies, increasing exports of local products, attracting foreign investment,
increasing investment and tourist attractiveness of the country. In addition, paragraphs three and four
set tasks for the enhancement of structural reforms, modernization and diversification of leading sectors
of the national economy, as well as the modernization and accelerated development of agriculture, and
assigned the responsible ministries and agencies responsible for their implementation. Also, the timeline
for the implementation of the program is clearly defined in months, costs, funding sources and the mech-
anism for implementing these measures and the expected outcomes.

The document also presents an extensive program aimed at modernization of the construction industry.
It develops a strategy for innovation and advanced development of the industry, introduction of innovative
technologies. There are measures to encourage the national project for contracting organizations to enter
the external markets. The goal is to eliminate bureaucratic obstacles and barriers and provide access to the
construction market, revise the existing normative and technical regulations, construction norms and re-
quirements based on world standards. There is a need to form a professional class of qualified builders and
architects, thereby eliminating the misconduct based on attracting one-time workers, attracting qualified
foreign specialists on a systematic basis and creating conditions for the professional development of local
professionals abroad. It is envisaged to consider the interests of building materials manufacturers on the
basis of localization projects in the process of public procurement.

At the moment, transition economies are dealing with the transition to innovative development based
on the modernization and diversification of the economy [15].

The main principles of the economic policy of transition economies are:

1) economic liberalization;

2) changing the attitude towards property, focusing on the development of the private sector;

3) structural transformation of the economy;

4) inflation control;

5) adaptation of economic entities to new business’.

The countries with transitional economies attempt to strengthen government stabilization processes,
increase competitiveness of national production, and facilitate the implementation of a new market econ-
omy [16, p. 227].

In the CIS countries, strategies for the modernization of the economy have been developed since the
1990s and directions of its implementation have been identified. However, not all countries transforming
to the new economy had the opportunity to develop and implement the strategy of modernization of the
economy evenly. The reason is that the development of technological and macroeconomic parameters
has not been uniform, there was no structured program of modernization, and that some countries were
lagging far behind the developed countries in terms of scientific and technical development. Nevertheless,
the following three areas of economic modernization are characteristic of transforming economies:

- increasing the competitiveness of products;

- prevention of economic risks;

- forming a new management mechanism.

Along with the positive aspects of modernization of the economy, there are specific negative aspects,
which are the risks that threaten the economic security of the state and prevent the process of moderniza-
tion. Modernization of the economy is a necessary stage for the transforming economies. The moderni-

5 Shcherbanin Yu.A. Mirovaya ekonomika [World economy]. M:.2009. — p. 380.
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zation program covers key areas such as technological renewal of production, structural transformation of
the economy and innovative development. At the same time these structural elements are characterized
by a “catching up” modernization model. In countries with transition economies, we find the answers to
some of the questions that are specific to the case study of the “catching up” model of the modernization
of the economy and the way in which this model is being utilized. There were conditions in the countries
with economies in transition to use the “catching up” model of modernization of the economy. Firstly, in
the first half of the XX century, industry had developed, although the production capacities were out of
date. Secondly, the high military potential is confirmed by the triumph in the First and Second World Wars.
Thirdly, the role of the state in the regulation of the economy is high, which is reflected in the tax, monetary
policies and pricing. In the transition period, if the government’s interference in the economy is limited, it
might cause negative and severe consequences. The Global Financial and Economic Crisis, which started
in 2008, forced some countries with economies in transition, which initially chose the “catching up” mod-
el of economic modernization, to change their priorities in order to fight against the crisis and elaborate
the measures to overcome its negative consequences. Two of the countries included in the single customs
union, Russia and Kazakhstan, have similarities in the modernization strategy. Uzbekistan is one of the
transitional economies and the experience of the above-mentioned countries is important in the process
of developing a modernization strategy, as it is part of the CIS. According to CIS statistics, in the period
2000—2017 different trends were observed in the study of the main macroeconomic parameters (Table 3).

Table 3. GDP growth rates (in % of the previous year) [21]

Countries 2000 2005 2010 2013 2014 2015 2016 2017
Russia 110.0 106.6 104.5 101.3 100.6 96.3 99.8 101.5
Ukraine 105.9 102.7 104.1 100 93.2 90.1 102.3 102.5
Kazakhstan 109.8 109.7 107.3 106.0 104.4 101.2 101.0 104.0
Uzbekistan 103.8 107.0 108.5 108.0 108.1 108.0 107.8 105.3

Table 3 shows that GDP growth rates declined in Russia, Ukraine, and Kazakhstan in 2000—2016, and
went to a recovery phase in 2017, while Uzbekistan achieved a trend of steady growth (over 5%) for 2004.
The tendency to decline has been driven by the global financial-economic crisis due to the debt-driven
economy of these countries, while the measures taken to overcome the negative consequences of the crisis
in Uzbekistan have provided a stable growth.

In the medium term, the goal of modernization of the national economy is to achieve sustainable
growth in real sectors of the economy by implementing institutional and structural reforms, increase com-
petitiveness of the national economy, filling internal and external markets with high quality products and
modern services, and, ultimately, transform economic system to the trail of innovative development.

Conclusions

Due to these goals, the following tasks of modernization of the economy can be distinguished in the
long-term perspective:

- implementation of institutional and structural transformations aimed at effective accomplishment of
privatization processes;

- implementation of government programs aimed at ensuring sustainable growth in industry, including
machinery, fuel and energy complex, light industry, agricultural processing industry, and implementation
of targeted government programs;

- mobilizing domestic resources and capacities to ensure sustainable growth through the use of existing
production capacities and alternative energy sources, accelerating localization programs through domestic
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raw material resources, expanding regional development among areas, improving efficiency of investment
and material-technical resources;

- formation of priority directions of state scientific and technical programs, expansion of the elements
of high tech and knowledge economy and innovative development.

Analyzing the structural shifts in the generation of GDP in the national economy from 1991 to 2020,
we can conclude the share of services and other sectors had the tendency to increase, while the share of
agriculture decreased.

In the long term, the GDP is expected to double by 2030 by means of increasing the share of the man-
ufacturing industry up to 40%. When drafting the industry development strategy of Uzbekistan, the state
set the main goal of increasing the competitiveness of production to ensure sustainable growth through
delivering high-demand goods for domestic and foreign markets.

Directions for further research

The following points represent the major factors contributing to the sustainable growth of industrial
output:

1. An active investment policy aimed at accelerating the introduction of modernization, structural
transformations and major hi-tech production capacities.

2. Step-by-step expansion of production localization.

3. Financial support of local producers.

The long-term strategy of modernization of the economy should be based on recent achievements in
science, technology and innovation.

To sum it up, the modernization of the economy is closely linked to structural changes. The annual
growth of GDP in the leading sectors of the country, including the growth of the manufacturing industry,
will vary depending on the sector structure, the volume of investments, the state of the fixed assets, the
employment-to-population ratio.
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The article is devoted to the analysis of the possibilities of increasing the efficiency of a mining
company by managing specific assets using a complementary approach. The relevance of the work is
caused by the fact that the mining industry differs from other sectors of the economy because of the
specificity of the mineral raw materials and production processes. The mineral resources assets that
form the company’s mineral resources potential are unique in nature. Their main feature is the depletion
and dependence of the value of mineral raw materials on the influence of a combination of factors,
whose action can cause both its decrease and increase. In addition, the specifics of the mining processes
determine the organization of activities, complicating the management of a mining enterprise, which,
along with constantly changing external factors, forces the management of a mining company to look
for new ways to improve production efficiency. The purpose of the study is to establish the role of digital
assetsin the activities of mining enterprises and determine the necessary requirements for their successful
operation. In the course of the study, an analysis of Russian and foreign scientific literature was carried
out, the experience of mining enterprises was studied, and methods such as comparative analysis,
systematization and generalization of the results were used. The article discusses the growing importance
of digitalization for mining enterprises. The problems of introducing digital assets in the mining industry
have been identified. The authors substantiated the need for complex integration of digital assets with
other assets, and identified the relationships between them. The concept of complementarity in the
analysis of intangible assets is disclosed and the characteristics of complementary assets are clarified. It
was revealed that it is the complementary assets that contribute to improving the efficiency of mining
companies through the development of open innovations, provided that the necessary environment
is created. The significance of this study is that it will allow the management of mining companies to
make adjustments to the organization of production and management processes in order to increase
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integration of complementary assets and the development of a methodology for assessing the complex
economic effects of the use of complementary assets in mining companies.
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CraThsl MOCBSIIIIEHA aHAJIM3Y BO3MOXHOCTEH MOBbIIeHUST 9(DHEKTUBHOCTU TOPHON KOMIIAHUU
3a CUET yMpaBjJeHUs CleUMPUIECKUMU aKTUBAMU C TIPUMEHEHUEM KOMILJIEMEHTApHOTO IMOIX0/1a.
AKTYaJlbHOCTb pabOThI 0OYCIOBIEHA TEM, UTO TOPHOAOOBIBAIOIIAST TTPOMBIIIUIEHHOCTh OTJIMYAETCS
OT APYTUX OTpacjieli PKOHOMUKHU CHEeHUDUUYHOCTHIO 00BbeKTa pabOT U IPOLECCOB MPOU3BOACTBA.
MuHepanbHO-ChIpbEeBbIE aKTUBBI, (POPMUPYIOLIME MUHEPATbHO-ChIPbEBOI MOTEHILIMA KOMIIAHUU,
SIBJISIIOTCSI YHUKAJIBbHBIMM MO CBOE Npupojae. X OCHOBHOI 4epToil SIBISIETCS MCUEPIIaeMOCTh U
3aBUCUMOCTb IIEHHOCTH MUHEPAJTbHOTO ChIPbsI OT BIUSIHUSI COBOKYITHOCTH (paKTOPOB, NefCTBHE KO-
TOPBIX CITOCOOHO BBI3bIBATh KaK €€ CHUKEHHUE, TaK U yBejndeHue. [loMuMo 3Toro, o0cCoGEHHOCTH ca-
MUX TTPOIECCOB TOPHOTO MPOM3BOJCTBA ONPEESIOT OPTaHN3AIINIO pabOT, YCIOXHSS yIpaBieHUe
TOPHBIM TIPEATNIPUITHEM, YTO HAPSAY C TMTOCTOSHHO M3MEHSIOIIMMUCS BHEITHUMM (haKTopaMu 3a-
CTaBJIsIeT MEHEIXKMEHT TOPHON KOMMAaHUM MCKATh HOBbIE MyTHU MOBbIIIEHUs 3(h(HEeKTUBHOCTH MPO-
usBoxacTBa. Llenb uccienoBaHusi — yCTaHOBJIEHUE POJIU LIUM(PPOBBIX aKTUBOB B JAESITEIbHOCTU TOP-
HBIX MPENNPUATUIL U OlpeaeseHre He0OOXOIUMBIX TPEOOBAHUIA ISl UX yCIelHoM padoTsl. B xone
MPOBEIEHHOTO UCCIIeIOBAaHUS ObLI OCYIIECTBJICH aHAJIU3 POCCUNCKOI U 3apy0eKHOI HayYHOM JIu-
TepaTypbl, U3y4eH OTBIT JOOBIBAIOIINX MPEATIPUITHM, a TaAKXKe ObLIM UCITOTb30BaHbl TAKWUE METOIBI,
KaK CpaBHUTEIbHBIN aHaIU3, CUCTeMaTU3allus U 0000IeHNe TTOIyYeHHBIX Pe3yabTaToB. B cTaTbhe
paccMOTpeHO pacTylilee 3HaueHue HUuGpoBU3aLUMU IJIs MPEANpPUITUIl TopHO# oTpaciau. Omnpene-
JIEHBI TIPO0JIEeMbl BHEAPEHUs LIUM(PPOBBIX aKTUBOB B JICSITEJIbHOCTh TOPHOW KOMITAHUU. ABTOpaMu
000CHOBaHa HEOOXOAMMOCTb KOMIUIEKCHOM MHTErpaliuy HM(GPOBBIX AKTUBOB C IPYTMMU aKTUBaAMHU,
oIpeiesIeHbl B3aUMOCBSI3U MeXAy HUMU. PackpbiTO MOHSITME KOMIJIEMEHTAPHOCTU TIPU aHaN3e
HeMaTepuaJbHbIX aKTUBOB, YTOUHEHBI XapaKTepUCTUKN KOMIUIEMEHTapHBIX aKTUBOB. BbIsIBIIeHO,
YTO MMEHHO KOMILJIEMEHTapHbIE aKTUBBI CITIOCOOCTBYIOT MOBBIIIEHUIO 3(PHEKTUBHOCTH AeSITETbHO-
CTU TOPHBIX KOMITAaHMH 3a CUET Pa3BUTUSL OTKPBITBIX MHHOBALIMI TIPU YCJIOBUU CO3JaHUsI HEOOX0-
JIIUMOi#1 cpeibl. 3HaYeHMe JaHHOTO UCCIeA0BAHUS COCTOUT B TOM, UTO OHO MO3BOJUT MEHEIXKMEHTY
TOPHBIX KOMIAHUW BHECTU KOPPEKTUBBI B OPraHU3alMI0 MPOU3BOJICTBEHHBIX U YIPaBICHYECKUX
MPOILIECCOB C 11eJIbIO MOBBIIEHUST UX SKOHOMUYeCcKo# addekTuBHOCTU. HampapieHusaMu najibHe -
X UCCIIETOBAHUI SIBJISIOTCS MpeNCcTaBIeHe MOIEM MHTeTpallui KOMIUIEMEHTapHbIX aKTUBOB
U pa3paboTKa METOAMKHU OLIEHKM KOMITJIEKCHBIX SKOHOMUYECKUX 3P (HEKTOB OT MPUMEHEHUST KOM-
TJIEMEHTApHBIX aKTUBOB B TOPHBIX KOMITAHUSIX.

Kmouessie cioBa: TOpHasda NMPOMBIIIJICHHOCTb, S9KOHOMMWYCCKaA 3(1)(1)CKTI/IBHOCTI), aKTHUBbI, HEMATC-
PUaJIbHbIC AKTUBbLI, KOMIIVIEMCHTAPHOCTDb

Ccpuika npu uurupoBanuu: MBaHosa [1.A., [ToHomapenko T.B. [IpuMeHeHUe KOMILIeMeHTap-
HBIX aKTUBOB B TOPHOI MPOMBIIIEHHOCTU: MOHSTUE, CYIIHOCTb, 0COOeHHOCTHU // HayuHo-TexHU-
yeckue BemoMmoctu CITOTTTY. Dxonomuueckue Hayku. 2021. T. 14, Ne 2. C. 92—104. DOI: 10.18721/
JE.14206

DTO cTaThs OTKPHITOTO AOCTYyMa, pactpocTtpaHseMas no juteH3un CC BY-NC 4.0 (https://crea-
tivecommons.org/licenses/by-nc/4.0/)

Introduction

A modern mining enterprise constantly faces various challenges, caused by both external and internal
factors. Undoubtedly, the mining industry is unique, since it deals with mineral resources, which char-
acteristics are determined by nature. They include the exhaustion and non-renewability, the volume and
thickness of the underground mineral, the depth of occurrence, the lack of free access to it, the qualitative
composition of raw materials and the presence of impurities, the heterogeneity of the distribution of useful
components, the variability of the form of the deposit in the case of solid minerals, and so on. Along with
the characteristics of the mineral itself, the characteristics of the host rocks are also determined by natural
factors and do not depend on humans, for example, the strength of the enclosing rocks, a tendency to
dynamic and gas-dynamic phenomena in the form of rock bursts, rock and gas emissions, water break-
through into mine workings. This causes not only the possibility of unforeseen situations and accidents in
the workplace, but also the impossibility of accurately predicting the costs, which complicates their man-
agement and optimization.

In addition to the specific features of mineral resources, the production process and the process of
managing production assets also have a number of characteristics that distinguish them from processes in
other industries.
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Firstly, mining enterprises are characterized by low profitability. This is due to the fact that added value
in mining is created mainly during the processing, while the number of consumers of mining enterprises is
usually limited, which negatively affects the level of prices and profit. This is driving the need for mining
companies to reduce the cost of owning, maintaining and repairing assets.

For example, we have calculated its profitability indicators of the North Urals Mine, the raw materials
division of RUSAL company, on the basis of the financial statements posted on the company’s website
(Table 1).

Table 1. Analysis of the profitability of the North Urals Mine

Indicator Value, %
Profitability of sales 7,6
Return on assets 3,94
Return on equity 6,77

Source: compiled by the authors based on https://rusal.ru

Profitability characterizes the degree of efficiency of the use of various resources: material, labor, fi-
nances, etc. At the same time, there are no standard indicator values of profitability, they vary depending
on the industry and the enterprise. For mining companies, the indicators are in the range of 3—7%. This is
due to the fact that many enterprises are raw material divisions and are practically devoid of independence
in managerial decision making. This leads to limited planning opportunities when implementing invest-
ment projects, purchasing equipment, upgrading, etc.

Secondly, the industry is characterized by high capital intensity, which is associated with the need for
a large amount of expensive equipment for the extraction of raw materials. As a consequence, one of the
characteristics is high capital intensity and, consequently, low capital productivity. Here we can add that
the requirement on equipment also determines the high material consumption due to the need for main-
tenance and repair of this equipment. For example, the construction of new capacities of mining and
chemical holdings is estimated at about 1.5 billion US dollars per 1 million tons of P,O [1].

Third, mine workings as well as specialized buildings and structures have a significant share in the
total volume and value of assets. Their specific feature is that, taking into account the proximity of min-
ing production to the place of work and the location of the deposit at a considerable distance from the
developed infrastructure, after the closure of the deposit and the liquidation of the enterprise, such fixed
assets become illiquid. For example, due to the deterioration of mining and geological and production
conditions, as well as the quality of the extracted raw materials at the Kashpir shale deposit, at the end of
the last century, it was stated that the further work was inexpedient. As a result, a comparative analysis of
the costs of conservation and liquidation of production was carried out, which showed that both options
are quite costly. Thus, the conservation of the mine requires the expenditures for electricity, ventilation,
pumping water and other processes, which was considered economically unviable. As a result, the mine
has been closed, despite the fact that it also implies significant costs for backfilling inclined shafts, equip-
ment removal, reclamation of disturbed land, but in comparison with conservation it is more favorable [2].

Fourthly, the extraction of raw materials is characterized by constant movement in space as the work
progresses, which leads to an increase in transportation costs, the need for permanent equipment of the
workplace, etc. For example, today, work in underground mines is carried out at a depth of up to 5000
meters, as is the case at the Tau Tona mine in South Africa [3]. This necessitates the solution to the
problems of supplying communications, ventilation, equipment delivery using modern methods and
new technologies.

For these reasons, managing a mining enterprise, even under favorable external conditions, is a very
complex process. And given that the external environment is also very changeable and makes its own ad-
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justments, caused, for example, by changes in prices for raw materials, fluctuations in supply and demand,
various political and economic factors, for effective management of mining production, a complex of or-
ganizational, technical and economic measures is required, designed not only for a specific enterprise, but
also adaptable to constant changes.

The most important factor complicating the management of a mining enterprise is the specifics of the
assets of a mining enterprise. The mining company has mineral assets which do not exist in any other in-
dustry. Despite the fact that mineral raw materials and mineral reserves are identified as a separate asset by
many scientists [4, 5, 6], their characteristics as an asset and the processes of change in their cost are not
widely reflected in the literature. At the same time, analyzing the course of the main production process
associated with the extraction of mineral raw materials, it is obvious that as the extraction proceeds, the
reserves decrease, which, as a result, affects the assessment of the value of the mineral asset. The value of
mineral resources is a complex concept and is formed on the basis of a combination of factors that can be
combined into several groups [7]: mining and geological, geographical and economic factors.

Mining and geological factors, in addition to reserves of raw materials, also include production condi-
tions (structure, thickness, depth), quality of raw materials (estimated grade of an orebody, ore preparation
characteristics), technical and environmental conditions of the deposit. Geographic factors describe the
location of a deposit and take into account the availability of infrastructure, for example, transport acces-
sibility. Economic factors include changes in demand in the domestic and foreign markets, fluctuations in
raw materials prices, taxation system, and so on.

These groups of factors differ not only in their nature, but also in the degree of stability. According to
experts [7], mining and geological and geographical factors are the most controllable, while economic fac-
tors are more difficult to predict and manage. A striking example is the changing situation on the rare earth
metals market. The mining of rare earth metals began in the 19™ century, but a rapid growth in demand was
recorded at the end of the 20" century. So, if in 1980 the volume of production of rare earth metals in terms
of oxides was 26 thousand tons, then by the mid-2010s it increased to 100—120 thousand tons [8]. This is
due to the growing consumption of rare earth metals by the rapidly developing high-tech sector. Naturally,
the change in the volume of demand for rare earth metals caused the development of the market and, as a
consequence, changes in prices. So, if in the 1980s and 90s China was the leading producer of products,
retaining monopoly control over the market thanks to government programs in the country, then from the
early 2000s the situation changed, and China began to reduce export volumes. Naturally, given the absence
of alternative suppliers at that time, this led to an increase in prices, whose volume was difficult to predict.
As a result, if in 2009 the weighted average price of rare earth oxides fluctuated at the level of $10/kg, then
in mid-2011 it reached the level of $190/kg [8], which confirms the above-mentioned complexity of fore-
casting economic factors and their spontaneous nature.

Therefore, it would be a mistake to say that the value of mineral assets definitely decreases with a de-
crease in their reserves, since the volume of reserves is only one of the factors influencing the evaluation.
Considering the total value of the assets of a mining company, we can conclude that a decrease in the
volume of mineral reserves makes its negative contribution, but in addition to tangible assets, the mining
company also has intangible assets, whose number and variety is rapidly growing in the context of digital-
ization.

Today, digital assets deserve special attention, as their use affects various industries, including the min-
ing industry. In the academic environment, the volume of publications devoted to the use of digital tech-
nologies in the process of extraction and processing of minerals is relatively large. At the same time, both
in Russian and in the foreign literature, various kinds of issues are analyzed: from the use of new technical
and digital achievements [9—17] to changes in management processes at a mining enterprise [18—20]. The
existing publications are distinguished by a variety of approaches. Some authors [9, 10] focus on the kind
of extracted raw materials, taking into account their characteristics and problems arising during extraction.
Other researchers [11] focus on solving a certain production problem. Still others [12—15], on the contrary,
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analyze the existing digital technologies and discuss the possibility of their introduction into the industry.
The most popular technologies include the Internet of Things [12, 13] and the emergence and develop-
ment of digital twins [14, 15]. The fourth [16—20] consider the problem comprehensively, from the point
of view of the impact of the digitalization process on the industry as a whole, while emphasizing emerging
trends and issues, as well as drawing parallels between similar processes in Russia and abroad. At the same
time, the authors agree that, despite significant technological progress, the mining industry is not among
the leaders in the implementation of digital technologies, also because digitalization is introduced partial-
ly. Companies do not always create the necessary infrastructure to operate digital assets, as these assets are
viewed separately from their complementary assets.

Despite the fact that the emergence of the definition and concept of complementarity dates back to
the nineties of the XX century, these ideas have become relevant in recent years in connection with the
development of digital assets. Moreover, if abroad they attract the attention of specialists from different
industries [21—22], then in Russia they have not become widespread yet [23—26]. At the same time,
today the complementarity of the assets of a mining enterprise remains a topic characterized by a lack
of research.

This paper examines the role of new digital assets in the development of a mining enterprise and their
impact on the efficiency and value of assets of mining companies.

The object of the research is the Russian industrial enterprises of the mining industry, in particular, the
North Urals Mine.

The subject of the research is the economic and managerial relations arising during the formation and
functioning of complementary assets at mining enterprises.

Purpose of the study

The purpose of the study is to establish the significance of complementary assets for increasing the eco-
nomic efficiency of a mining enterprise. To achieve the goal, the following tasks have been set:

+ analysis of problems arising in the implementation and use of digital assets;

* determination of the conditions for the most effective functioning of digital assets;

» research into the digitalization of the industry from the point of view of the concept of comple-
mentarity;

* determination of the characteristics of complementary assets.

Methodology

We analyzed Russian and foreign literature, including the academic sources and the experience of min-
ing enterprises, devoted to the problems of the industry digitalization, the role of digital assets in the pro-
duction and management process and the introduction of a complementary approach in management.
Current trends are identified, existing methods are systemized, and obtained results are generalized.

Results and discussion

Digitalization today finds application in all areas of the economy, and the mining industry is no ex-
ception [19]. The flagship industries in the implementation of digital products and technologies are IT,
banking, education, biotechnology and medicine, but the mining industry can also show some success.
The heterogeneity is clearly visible in this case, what is expressed in the development of digitalization in
the oil and gas industry and in the lagging behind of other sub-sectors. The reasons for this lag are the lack
of qualified personnel, the low level of production automation, and the cyber threat defense system that
needs to be improved [9, 27]. Existing examples show that while most Russian and foreign oil and gas com-
panies such as Eni S.p.A. (Italy), Equinor (formerly Statoil) (Norway), PISC Gazprom, PJSC Lukoil are
digitizing their fields and developing programs for the development of digital technologies; digitalization
has not yet achieved outstanding results at enterprises for the extraction of solid minerals.
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At the same time, experts agree that, despite the conservative nature of the industry and the existing
problems, digitalization should be considered as a “new paradigm” of development that can significantly
improve production performance [9, 10].

Therefore, the company management, who wants to make the production process more innovative,
introduces new technologies, not paying enough attention to the current conditions for implementation.
Thus, there are examples showing that the acquisition of fixed assets not only will not have a positive effect,
but also will lead to problems. For example, Eni S.p.A. had to close the HPC3 hybrid computer project,
which was intended for use in the exploration and production of hydrocarbons. The reason, according to
the experts, was the incompatibility of the computer with the data obtained from other existing equipment
[9], i.e., in fact, digital technologies turned out to be incompatible. Unfortunately, situations of this kind
are quite common, despite the fact that the thesis about the insufficiency of the isolated introduction of
new technologies has been formed and clearly substantiated in the academic community [20]. In the era of
digitalization and the rapid development of technology, a transition to digital thinking is necessary, and it
should be carried out at the stage of the company strategy development. Then the management solutions
will be integrated into the mining company’s strategy in such a way that they will complement and improve
the existing ones and contribute to the growth of their efficiency.

An integrated approach to the digitalization of mining companies should be based on the consideration
and assessment of factors in relation to assets. Speaking about the combination and mutual influence of as-
sets, it is necessary to note the theory of complementary assets, introduced by Paul Milgrom [28]. The term
“complementarity” reflects the interrelation of changes. Milgrom extended this concept to the resources
or assets of the company, which he called complementary, if the effect obtained from the joint use of these
assets exceeds the total effect from the use of these assets separately, which can be expressed by the formula:

E (Al, A2, A3)>E (Al) + E (A2) + E (A3),
Source: compiled by the authors

where E (Al), E (A2), E (A3) are the effects of using assets 1, 2 or 3, respectively, E (A1, A2, A3) is the total
effect of the joint use of assets.

Separately, we note that it would be wrong to talk exclusively about a positive effect, and there are no
linear dependencies between changes in one asset and the efficiency of a mining enterprise. In some sit-
uations, a change in one asset leads to a worsening of the situation in the enterprise due to the lack of the
necessary complementary asset, which happened in the above stated example with Eni S.p.A.

As for the existing approaches to the consideration of complementary assets, in the most general classi-
fication they are divided into three groups: human, structural and computer capital [29].

Human capital is the ability and motivation of employees, their culture, values, relationships.

Structural capital is the organization of activities, its principles and approaches. This also includes de-
cision-making models, the formation and transfer of responsibility, the rules and standards adopted in the
company and the business processes. In this case, we are talking about different levels of the organization:
from individual work groups and departments to the entire organization as a whole and its interaction with
external agents.

Computer capital includes data and systems for their storage, processing and transferring.

Sometimes this classification can be found in a modified form: economic competence, innovative prop-
erty, computerized information [30]. Moreover, these components can be correlated with the above-men-
tioned classification, namely:

* economic competencies include human capital, brand, organizational changes;

* innovative property is a narrower category, in contrast to the previous classification, and includes
only R&D;

» computerized information contains data and software.
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All three components are present in companies, and if the organization itself is stable, then these assets
are complementary. However, this statement is true in terms of a static picture. The organization is a dy-
namic system where all the components interact with each other and change. Therefore, two clarifications
deserve special attention.

Firstly, an important asset characteristic is their stability. Assets change under the influence of vari-
ous factors, but to varying degrees. It is related to their nature and their sensitivity to certain processes.
Thus, an asset (or a group of assets) changes faster than others, which, in turn, begin lagging behind. Of
course, complementary connections do not allow this gap to become critical, so the system passes into a
new stable state, which remains so until the next change. For example, in the mining industry, this can be
observed when purchasing new, more modern and high-performance equipment or when implementing
hardware and software. The development of computer capital in this way entails the need for employee
training, because otherwise this introduction will not make sense. For example, within the framework of
the “Technological Breakthrough” program, OJSC MMC Norilsk Nickel has introduced a planning and
control system for ore flow, which allows continuous monitoring of the intensity of the ore flow in order to
manage the ore blending processes [11]. The functioning of this system implies the presence of a unified
geological database and a system for automated accounting of ore movement. At the same time, one of the
most important requirements is the creation of a dispatching system for organizing operational manage-
ment and production control, which is implemented in the company. Thus, the computer capital initiates
the development of the structural capital, and taking into account the fact that the efficiency of the system
will also be influenced by the motivation of employees and their skills, consequently, the human capital
as well. Improving these two components is essential to get all the advantages that were expected by the
implementation of a computer asset.

Secondly, it is important to note that assets, in spite of their inequality, cannot be classified in terms of
importance. Their mutual influence does not make it possible to single out the main asset, whose value
would exceed the value of other assets. The solution to the problem can be possibly found only at the micro
level, where the main asset can be determined based on the analysis of the specific enterprise, the industry,
the production indicators and goals.

For example, considering a mining enterprise and taking into account the specifics of its work and
the requirements for employees, the leading role among the three components of complementary assets
should be given to the structural capital. The need for conducting the operations in hazardous conditions
makes compliance with rules and standards extremely important. This is also due to the high dependence
on natural factors, whose prediction is not always possible even with the use of the most modern technol-
ogies. The second place in importance for the enterprise is taken by computer capital, whose development
is proceeding at a high rate and, taking into account the non-lagging of other complementary assets, can
bring significant benefits. Human capital at a mining enterprise will close this list, despite the development
of the concept of corporate social responsibility and its proven need for the society. The mining industry
does not belong to the industries where the human capital plays a major role and directly predetermines the
efficiency of an enterprise, at the same time underestimating the human capital is also a serious mistake.

So, taking into account the above-described situation, it is impossible to draw a conclusion about its
stability. The basis for making managerial decisions on the extraction of raw materials is technical projects,
R&D, instructions and regulations. Formerly the structural capital of the company was built on the basis of
a minor use of digital technologies due to their weak development. Today, thanks to the growing degree of
digitalization of the mining industry, exactly the digital assets provide data on all activities occurring at the
field and facilitate their processing and visualization. Thus, over a relatively short period of time, the share
of digital asset use has increased significantly, which confirms the high degree of variability of complemen-
tary assets. For example, the North Urals Mine today is operating at a depth exceeding 1000 meters, which
determines significant risks. In order to optimize production processes, the company uses the PRESS 3D
URAL software package, whose task is to identify especially dangerous zones prone to rock bursts [31].
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If earlier the mining process was regulated mostly by legislative enactments, today the use of digital assets
made it possible to increase the accuracy of predictions and, accordingly, the safety of work.

Speaking about the value that complementary assets have, we want to highlight two important features.
Firstly, they represent the sources of innovation needed to create a product or service. Secondly, they fa-
cilitate or simplify the course of the innovation process, caused by them or without their participation. For
example, complementary assets reduce risk, help lower transaction costs, and so on.

Given that complementary assets contribute to the production and transfer of innovation, providing
interaction between the company and the external environment, it can be argued that they represent an
important component of open innovation.

The concept of open innovation emerged in the early 2000s with the publication of Henry Chesbrough’s
book “Open Innovation: The New Imperative for Creating and Profiting from Technology” [32]. The con-
cept quickly became popular and discussed among specialists in the field of innovation management [21,
33, 34]. Its essence lies in the fact that for any company the innovation process is difficult if it takes place
in isolation from external market participants. Firstly, not every company is able to develop and implement
an innovation on its own. This is determined by the industry the company operates in, its specifics, size,
etc. Secondly, by closing themselves off from the outside world, companies often duplicate developments.
At the same time, the intellectual potential of employees is spent on already known innovative results, in-
stead of uniting with the potential of stakeholders to solve new problems. In addition, there are cases when
companies reject the innovations they have developed due to the impossibility of their use at the moment
for a number of reasons. And only spreading the innovations outside of the enterprise allows them to find
application [34].

The idea of open innovation determines the need for a company to interact with the external envi-
ronment in order not only to obtain greater efficiency from the ongoing innovation process, but also to
have the possibility to implement the concept. Despite this, in the literature there is a noticeable short-
age in the number of publications devoted to the consideration of these topics in a comprehensive man-
ner. Complementary assets and open innovation are considered independently of each other, although
openness to innovation does not determine a company’s success in itself. At the same time, openness is
understood as a combination of factors such as the number of alliances of a company, the variety of part-
ners (universities, laboratories, start-up companies, suppliers, consumers), the share of R&D carried
out in external organizations, etc.

For the successful implementation of this idea, a necessary condition is just the development of intangi-
ble complementary assets. It is their competent combination and application that will ensure the necessary
interaction with the external environment.

Taking into account the analysis carried out, we will single out the main features that assets should have
to be classified as complementary ones.

Firstly, two or more assets can be considered complementary when they are linked together in their
application. The exact number of assets is determined for each specific situation and enterprise.

Secondly, at least one of the complementary assets must be specific. This determines its use at a particu-
lar enterprise, the impossibility of copying and, as a result, receiving benefits.

Thirdly, assets are characterized as real options. This means that the company is able to carry out its
activities without the use of such assets, however, their implementation and operation brings a greater eco-
nomic effect than the refusal to use complementary assets.

Fourthly, one of the assets determines the creation, implementation and use of the other. Moreover,
the links between assets are not one-way. The development of one asset stimulates the development of the
other, which, undergoing changes, influences the first one.

Fifthly, the constant evolution of assets causes their growth, which, as a result, contributes to an in-
crease in their value for the enterprise and, accordingly, cost. Complementary assets, when used optimally,
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provide an enterprise with a range of competitive advantages that can improve the efficiency of production
processes.

Conclusions

In the course of this study, the following results were obtained:

1. when considering and analyzing the problems arising during the implementation and use of digital
assets in the mining industry, it was found that the specific features of the industry do not allow it to be
among the leaders in the implementation of digital technologies, however there is already some positive
experience, whose development will help companies achieve high results;

2. for the effective functioning of digital assets in the industry, certain conditions must be created, in-
cluding a developed infrastructure for the implementation of assets and trained personnel;

3. the digitalization of the industry should be considered from the point of view of the concept of com-
plementarity, that is, digital assets should be interconnected with structural and human capital;

4. the assets must have certain characteristics in order to be counted as complementary ones.

A company is not just a complex mechanism, but also a dynamically developing structure; in order to
meet the challenges of the environment, it must make a choice in favor of developing its innovative poten-
tial. However, the concept of open innovation cannot fully function without the creation of the necessary
conditions. The main condition is to support openness with complementary assets. Complementary assets
are a combination of mutually influencing intangible assets, they create an environment for the function-
ing of open innovations and directly affect the growth of their efficiency. The synergistic effect obtained
from complementarity allows the company not only to get significant results, but also to state that existing
assets, including digital assets that have been actively developing recently, increase their value over time,
thereby compensating for the decrease in the cost of mineral assets due to the depletion of the mineral
resource base and deterioration in the quality of raw materials.

Directions for further research

The directions of further research are a deeper study of the interrelation of complementary assets at a
mining enterprise, the development of a model of their integration, as well as the presentation of a meth-
odology for assessing the complex economic effects of the use of complementary assets in a company.
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Industry is the most important sector of the country’s economy of the Russian Federation. Industry
has asignificant impact on the economic development of the country, for the entire course of its expanded
reproduction. Mechanical engineering, metallurgy, chemical production, production and processing of
hydrocarbons are most developed in the regions of Russia. Industrialized regions differ in industries
and levels of technological development. After conducting research on the indicators and dynamics of
industrial production, it is possible to identify the most successful industrially developed regions. The
introduction of new technologies requires significant financial resources, and many enterprises have
problems with investments. The production of those regions that actively introduce new technologies
is effective. It is shown that the industrial revolution led to creation of digital production facilities,
automation and robotization of which accelerated production processes and significantly increased
quality indicators. Digital transformation is the leading direction of technological development of
the industry. The study reveals the role of new technologies, points to the need for their intensive
implementation in the industrial sphere, analyzes the state of industry in the regions, reveals the role of
digital platforms. It is emphasized that Industry 4.0 requires leading production managers to review their
strategic priorities. Digital technologies provide for the creation of communication networks, digital
platforms for working with various data, as well as a research base in the country. The participation of
the state in the implementation of regional strategies and the formation of high-tech industries is an
important mechanism for the implementation of economic policy. The article considers the regions
of Russia where the industrial production potential is high and Industry 4.0 technologies are being
successfully implemented. It analyzes the extent to which the Russian industry has mastered advanced
digital technologies, the scope of application of digital automated lines and modern software products.
The role of digital technologies in production management, in the dissemination of knowledge and
the promotion of new developments on world markets is revealed. Knowledge, intellectual resources,
information technologies, automated systems, the developed infrastructure of the national innovation
system, a modern technological platform, and high technologies play an important role in the activation
of the innovation process. Effective investment in industry contributes to increasing the competition
of manufactured products, updating the technological base. Digital transformation of manufacturing
industries is carried out on the basis of the latest equipment, new machines. It is shown that the key
factor for the successful functioning of the economy is the high level of development of science, the
creation and application of innovative technologies, standardization in the field of high technologies.
The main objectives of the established development centers are the activation of innovation activities in
the regions, the concentration of resources and factors of production in a limited area.
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AHAJIN3 PA3BUTUA MPOMbBIWWJIEHHOCTU B PETUOHAX
CTPAHbI HA OCHOBE NMPOrPAMM UHAYCTPUMU 4.0

YctuHoBa J1.H.

Poccuiickast rocyaapCTBEHHasi akaAeMUst UHTENNEKTYanbHOM COBCTBEHHOCTH,
MockBa, Poccuiickas denepaums

TTpOMBINIIEHHBII CEKTOP SIBJISIETCS BaXKHEWIIIMM B CTPYKTYpe 9KoHOMUKHM Poccuiickoit ®enme-
panuu. [TpOMBIIIEHHOCTh OKa3bIBaeT KJIIOUeBOE BIUSHME HA 9KOHOMHYECKOE Pa3BUTHE CTPAHBI,
Ha BECb XOJl €€ paclIMPeHHOT0 BOCIPOU3BOACTBA. MalIMHOCTPOCHUE, METAJIYPTHSI, XUMUUYECKOE
MPOU3BOJICTBO, OTPACIU TOOBIUM U MepepadOTKM YIJIeBONIOPOAOB, TPAHCIIOPTHBIE CpelCcTBA HAMOO-
Jiee pa3BUTHI B peruoHax Poccun. PaziumyHbie permoHbl OTJIMYAIOTCS 1O OTPACISIM TTPOMBIIIIEHHO-
CTU, YPOBHIO TEXHOJIOTUUYECKOIO Pa3BUTHUS. AHAIM3UPYs MOKa3aTeJu U AUHAMUKY IPOMBIILIJICH-
HOTO TPOM3BOJCTBA MOXKHO BBIIEIUTHh HanboJee YCTeNTHbIe TTPOMBIIIIEHHO Pa3BUTHIC PETHOHBI.
BHenpeHne HOBBIX TeXHOJIOTHWI TpeOyeT 3HAUYMTENIbHBIX (PMHAHCOBBIX CPEACTB, MPOOJEeMbl C MH-
BECTULIMSIMU MIPUCYTCTBYIOT Y MHOTUX MPEANpUsITUil. DhHEKTUBHBI TPOU3BOACTBA TeX PETMOHOB,
KOTOpble aKTUBHO BHEIPSIOT HOBbIE TeXHoJOoruu. [loka3zaHO, YTO MPOMBINUIEHHAS PEBOJIOLUS
MpuBea K CO30aHnI0 U(GPOBBIX TPOU3BOACTB, aBTOMATU3ALIMS U pOOOTHU3a1IMsI KOTOPBIX YCKOpHUJIa
MPOU3BOJICTBEHHbBIE TIPOIIECCHl U 3HAYUTEILHO TOBBICKJIA KaueCTBeHHbIE MoKazaTteiau. Lludponas
TpaHcdopmanmss — 3TO Beldylllee HallpaBlIeHWe TEXHOJIOTUIECKOTO Pa3BUTHSI IIPOMBINIIJIEHHOCTH. B
HCCIIeIOBAaHUY BbIZeIeHa POJTb HOBBIX TEXHOJOTHI, HEOOXOAMMOCTb MX MHTEHCUBHOTO BHEAPEHMUS
B MPOMBIILJIEHHBI CEKTOP, MPOBEACH aHAIU3 COCTOSIHUS TTPOMBIIINIEHHOCTU B PETMOHAX, PACKPBI-
Ta pojb HudpoBbix maatgopm. Beiaeneno, uro Muayctpus 4.0 TpedyeT oT pyKoBoauTeaeil mpo-
M3BOJACTB IMEpecMOTpa CTpaTeruyeckux npuoputeToB. LludpoBbie TEXHONIOTUN MpeaycCMaTpPUBAIOT
CcO3/laHNe B CTpaHe ceTeil CBsI3U, IIU(PPOBBIX MIATGOPM pabOThl C pa3IMYHBIMU JAaHHBIMU, a TAKXKE
HCCIIeOBaTeIbCKOM 6a3bl. BaxkHBIM MEeXaHU3MOM peainu3alii 9KOHOMUIECKON TTOJTUTUKHY SBIISIET-
csl yJacTHe ToCyIapCcTBa B peaiu3allii peruOHaIbHBIX CTpaTeruii, GopMupoBaHue BBICOKOTEXHOIO-
TUYHBIX TPOU3BOACTB. PaccMoTpeHbl pernoHbl Poccuu, B KOTOPBIX MPOU3BOACTBEHHBII MOTEHIAAI
MPOMBIIIIJIEHHOCTU BBICOK, YCTIEITHO BHeApsitoTcs TexHosoruu Muayctpuu 4.0. AHanusupyercs, B
KaKoil Mepe poccuiicKasi MPOMBILIIJIEHHOCTh OCBOMJIA TepeloBbie LU(POBbIC TEXHOJIOTUN, 00bEM
MpUMEHEHUs] UMOPOBBIX aBTOMATU3UPOBAHHBIX JIUHUN W COBPEMEHHBIX MPOTPAMMHBIX MPOAYK-
TOB. PackpbiTa posib HUMPOBBIX TEXHOJIOTHUI B yIIPaBJIeHUN MTPOU3BOICTBOM, B pacIpoCTpaHEHUHN
3HaHUI ¥ TPOABUKEHUN HOBBIX pa3pabOTOK Ha MUPOBBIE PHIHKU. B akTMBM3allMyM MHHOBAIIMOH-
HOTO TIpoliecca BaXXHEWIYI0 POJib UIPAlOT 3HAHUs, MHTE/UIEKTyalbHblE pecypchl, MHMOpMaIn-
OHHbIE TEXHOJOIMM, aBTOMAaTU3UPOBAHHbIE CUCTEMBbI, pa3dBUTasi MHGPACTPYKTypa HAIIMOHATbHOM
WHHOBALIMOHHOM CHCTEMbI, COBpEMEHHAsl TeXHOJIOTUYecKasi raT@opma, BBICOKHE TEXHOJIOTHU.
DddekTnBHOE MHBECTUPOBAHUE B MPOMBIIIEHHOCTh CITIOCOOCTBYET TMOBBIIEHUIO KOHKYPEHIIMU
MMPOM3BOIMMON TPOAYKIIMHU, OOHOBJICHHUIO TeXHOJOrMyeckoi 6aswl. LlndpoBas TpaHchopmaius
00pabaThIBaIOINX OTpacieil TPOMBIIIIEHHOCTH OCYIIECTBIISIETCS Ha OCHOBE HOBEMIIEro 060pymo-
BaHMS, HOBBIX CTaHKOB. [Toka3zaHo, KI0YeBbIM (PaKTOPOM YCTIEITHOTO (DYHKIIMOHUPOBAHUS KO-
HOMMWKMU SIBJSIETCS BBICOKMI YPOBEHb PA3BUTUSI HAYKM, CO3IaHUE U IPUMEHEHUE WHHOBALIMOHHBIX
TEXHOJIOTUI, CTaHIapTU3allUsl B 00J1aCTU BBICOKMX TeXHOJ0Trnii. OCHOBHBIMM 3aJlauaMM CO3JaHHBIX
LIEHTPOB Pa3BUTHSI BbIAEIECHBl aKTUBU3ALIMS MHHOBAIIMOHHON NESITeJIbHOCTU B perMOHAaX, KOHIIEH-
Tpalus pecypcoB 1 (haKTOpOB IMPOU3BOACTBA HA OTPAHUIECHHON TEPPUTOPUU.

Kniouessie cioBa: IIPOMBIIIJIEHHOCTD, L[PI(i)pOBI)IC TEXHOJIOI'MMY, MHHOBAlIMOHHAA ACATECIIbHOCTD, PC-
TMOHAJIbHOC pa3BUTHUE, 6asbl 3HAHUM, pe3yJIbTaTbl UHTEJJIEKTYAIbHOW IEATEIbHOCTU, CTAHAAPThI L[I/I(b—
POBO¥ MPOMBIIJIEHHOCTHA

Ccplika npu nurupoBanuu: YcrrHoBa JI.H. AHanu3 pa3BUTUs IPOMBIILIEHHOCTU B PETMOHAX CTpa-
Hbl Ha ocHoBe mporpamm Muayctpuu 4.0 // HayuHo-texuudeckue Benomoctu CITIOITIY. DxoHoMu-
yeckue Hayku. 2021. T. 14, Ne 2. C. 105—114. DOI: 10.18721/JE.14207

DTO cTaThsl OTKPHITOrO HOCTyMa, paciupocTtpaHseMas no juueH3uu CC BY-NC 4.0 (https://crea-
tivecommons.org/licenses/by-nc/4.0/)

Introduction
Industry is one of the most important areas of activity and the country’s integration into the world
economy. Manufacturing plays a key role. Digitalization in industry is a relevant direction, changing pro-
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duction cycles, allowing companies to fulfill the assigned tasks in a short time and providing them with
high flexibility in shaping business models. Implementation of innovative activities at the regional level
gives higher indicators related to material resources, high technologies. The rate of progress of innovation
processes largely depends on the functioning of regional innovation subsystems, on the readiness of re-
gional enterprises to master new technologies [1].

The purpose of the study is to analyze the industrial development of the country’s regions based on the
use of Industry 4.0 programs.

The object of research is the industry of the regions; the subject of the research is the level of digitaliza-
tion processes in the industry of the country’s regions.

Methods and technique

The research was based on the works of specialists in the field of digital technologies. Methods, tech-
nologies and systems of modern development of enterprises in the context of a new technological order
were analyzed. Key systems and components of a digital manufacturing plant were examined.

The level of use of the potential of digital technologies in the region reflects success in all areas of na-
tional economic activity. Digitalization is becoming more widespread in the leading industrial regions of
the country.

The research information base contains structured information from an interview with representatives
of consulting services for digital transformation, as well is with representatives of Russian companies that
launched digital transformation programs, experience in the practical use of new technologies.

The goals and main directions of modernization and innovative development of the domestic economy
are defined in the Decree of the President of the Russian Federation dated May 7, 2018 No. 204 “On na-
tional goals and strategic objectives of the development of the Russian Federation for the period up to 2024”.

The economy is in a process of rapid change: new methods of industrial production are constantly
being introduced around the world. Scientific research, design work, experimental design, technological
developments and experimental production play a leading role in innovation.

Industry 4.0 denotes “new technologies that connect the physical, digital and biological worlds, affect-
ing all disciplines, economies and industries”. These technologies have great potential to connect millions
of people and high-tech facilities to the network improving business performance. Technological changes
are required to meet the current development needs of the industry. The production potential of the region
is an important competitive advantage, therefore, for the development of industry and attracting invest-
ment, it is important to apply new technologies [2].

The degree of research and scientific development of the topic is a generalized analysis of the known
scientific achievements in the selected area. Analytical materials of specialists from Russia, Germany,
Sweden, Japan, China, the experience of introducing artificial intelligence, Internet of things, modeling
and visualization, cloud technologies, adaptation of automated functions for changes in external condi-
tions are studied.

High potential in the process of using new technologies is transformed into real economic results. In
the regions, industry is developing in conditions, when there are enough material, intangible, intellectual,
informational, technological, innovative and other resources, as well as human resources to ensure eco-
nomic activity. The manufacturing sector is subdivided into four main components: mechanical engineer-
ing and metalworking, the manufacture of materials for future structures, and chemical products. It is nec-
essary to systematize the key components of the development of modern digital production technologies in
various directions in three organizational dimensions: design, production, enterprise management. First
of all, a digital platform is developed taking into account the specifics of the machine-building industry
and meeting modern trends and requirements formed by market conditions. The leading processes of
modern production are as follows: Modeling and optimization; Digital twins; Production system; Digital
logistics; Technology transfer; Intellectual property; Project Management. Digital modeling of the work
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of manufactured equipment in production affects the timing of product development and release. Various
methods of modeling, from physical processes and individual assembly units to technological processes
and production, in general are widely used in all leading manufacturing enterprises today, providing their
industry leadership' [3, 4].

Technological development will be accelerated by increasing the innovative activity of organizations,
introducing new tools to stimulate their development and supporting the innovation infrastructure. Mos-
cow, St. Petersburg and the Nizhny Novgorod region became the leaders in the ranking in science and
technology. The leading positions of the two capitals are due to the historically high level of development of
science and technology, the presence of leading research institutes of fundamental and applied orientation,
high-tech industries.

The economy of the Leningrad Region is developing thanks to of various industries: the most significant
segments are mechanical engineering, electric power, aluminum and forestry. There is an active introduc-
tion of new technologies in these regions. They are related to the digitalization of design and technological
activities, the introduction of various operational planning and dispatching systems, and the moderniza-
tion of equipment. Many operations are performed by machine tools, robots and computer-aided design
systems. The level of automation at the enterprises of the Republic of Tatarstan, Khanty-Mansi Autono-
mous Okrug — Yugra, Tyumen Region, Yamalo-Nenets Autonomous district is also high. Active work is
underway to create Factories of the Future with high-tech enterprises. For example, shipbuilding (Sredne-
Nevsky shipbuilding plant Malakhit), aircraft and helicopter engineering (United Aircraft Corporation /
Sukhoi Civil Aircraft / Irkut Corporation / Ilyushin Aviation Complex). The software and hardware sys-
tems used at these enterprises work in parallel to perform one or more homogeneous tasks. It is possible to
increase the efficiency and profitability of production with the help of the introduction of such complexes,
and to reduce the volume of working capital.

Blockchain-based solutions (8.1% of respondents), big data (6.9%), artificial intelligence (6.1%) are
used among the planned digital technologies for development [5].

In recent months, at the initiative of the President of the Republic of Tatarstan, machine-building
enterprises of the Republic of Tatarstan have joined the digital transformation processes: NPO OKB
named after M.P. Simonov, Kazan Engine-Building Production Association, Kazan Helicopter Plant and
KamAZ. The industry is characterized by high-tech industries. Kaluga Region is implementing a pilot
project to create a national data management system. Technical support is provided: the software collects,
analyzes, organizes, visualizes the data received from the sensors, and helps a person make decisions or
makes them automatically. But the digitalization of production is also constrained by the insufficient pen-
etration of industrial automation systems (MES systems, digital lines). The machine-building complex
is one of the significant sectors of the economy, the level of development of which largely determines the
state of the economic potential of the Russian Federation, its competitiveness in the domestic and world
markets, as well as the state’s defense capability [6].

Trends in the development of mechanical engineering until 2030 will be associated with the implemen-
tation of measures for the technological re-equipment of enterprises, increasing design work aimed at cre-
ating new competitive types of products. The development of the digital economy requires a strong talent
pool. For technological leadership, enterprises need to carry out intensive research preceding technolog-
ical development, create the results of intellectual activity and carry out technology transfer. In addition,
organizationally, the following points are of great importance:

- creation of platforms for interaction and knowledge exchange;

- integration of science and technology;

- coordination of efforts between all participants;

- development of a communications network;

! “Digit” goes up: production automation dynamics in Russia/RBK partnership project. Digital economy («Llndpa» pacrer: kak pa3BuBaeTCs aB-
TOMaTH3aIus Ipou3BoACTB B Poccun/mapraepckue npoexts! PEK. Iudposas sxonomuka), https:/plus.rbe.ru/news/5b5e4f937a82a9225f10e22a
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dissemination of best practices;

priorities for the development of the cluster;

support for new projects in the field of communications;
advisory, methodological and organizational assistance [7, 8].

The first digital industry standards in the country were developed by the Cyber-Physical Systems Tech-
nical Committee based on RVC with the support of the Ministry of Industry and Trade of the Russian
Federation. The standards are aimed at the effective implementation of digital technologies in the Russian
industry, the development of high-quality and independent solutions, as well as ensuring their compatibil-
ity. The new standards form the basis for the creation of two new series of national standards for Industry
4.0. They focus on virtual production systems and the convergence of digital technologies and IT systems
in industrial enterprises. For example, the preliminary national standard (PNST) “Industrial automation
systems and their integration”. This standard specifies provisions for ensuring the safety of industrial plants
using automatic process control devices.

Next “Assessment of convergence of informatization and industrialization for industrial enterprises.
Part 1. Structure and Typical Model” defines the basic principles of the process of integrating information
technologies into industrial production.

The digital transformation model includes the following directions:

1. Creation of a regulatory environment for digital transformation of the industry.

2. Creation, integration and development of platforms of the state information system of industry
(GISP) for the implementation of industrial policy.

3. Digital transformation of manufacturing industries [9, 10].

The introduction of new technologies can change the order of using resources by personnel and
administration and thereby affect the competitive advantages of companies. The main technologies of
Industry 4.0 have been introduced: big data, cloud computing, mobile technologies and social networks.
To ensure the dynamic development of the national industry, appropriate macroeconomic conditions
and regulators are needed, which must include an effective mechanism of state scientific, technical and
industrial policy [11].

Principles of building science and technology policy in the regions:

1. Recognition of intellectual property and products, technologies, services created on its basis, which
determine the level of development and competitiveness of the Organization.

2. Use of the results of patent research to determine the priority areas of scientific and technological
development. The organization and the concentration of resources in these areas.

3. Ensuring the necessary and sufficient legal protection of the rights to results of intellectual activity
embodied in the products of the enterprises in the relevant territories.

4. Considering the rights to results of intellectual activity as intangible assets in order to increase the
capitalization of the organization.

The increasing role of knowledge and intellectual capital leads to a change in the organization of the
innovation process both within individual enterprises and in individual regions within global value chains.
Enterprises form business models to test sustainability and flexibility to changing operating conditions
when the external environment requires new management strategies [12, 13].

Discussion

A number of technological areas provided in the federal program “Digital Economy of Russia”, are
already being tested in practice in Moscow. The Digital Russia Index reflects the presence and success
of initiatives related to digitalization at the regional level. Each event is categorized into one of seven key
sub-indices:

+ regulatory and administrative indicators;

» personnel and training programs;
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» research competencies and technological groundwork;

* information infrastructure;

* Information Security;

* economic indicators;

 social effects.

Internal backbone factors in relation to the regional industrial complex are:

1) competitive ties characterizing the level of competition within the industrial complex, as well as
between enterprises and organizations;

2) cooperative or interaction links, which can be divided into:

- production ties characterizing the degree of interaction of enterprises with each other within the
industry, as well as with service and support organizations;

- innovative ties characterizing the degree of innovative activity of enterprises and organizations, the
level of their interaction with educational and research institutions and among themselves in terms of the
introduction and dissemination of innovations.

Industry 4.0 leads to massive adoption of cyber-physical systems in production, automation of most
production processes, installment of artificial intelligence to devices, and introduction of many other
modern technologies. All this has a significant effect on increasing productivity and reducing production
costs. The Industry 4.0 program includes the following areas:

- digital modeling as one of the basic directions of the implementation of the Industry 4.0 program,
which will be actively used in production processes, including virtual modeling of the surrounding physical
world to obtain actual data;

- industrial Internet of Things (sensors and equipment in production are united into one network by a
hierarchical structure and are subject to a single production management system);

- augmented reality (applicable for various purposes, including when choosing parts of various struc-
tures in a warehouse, displaying instructions for the repair and maintenance of equipment);

- big data (BIG DATA) and business analytics used for optimization of product quality, energy saving
and improvement of equipment availability). The need to process large databases requires further improve-
ment of “cloud services” [14, 15].

One of the first Russian companies that introduced the programs of Industry 4.0 was SIBUR (Regional
Center in Tomsk). The level of technological equipment of the enterprises is one of the highest in Russia.
SIBUR uses advanced solutions, such as an improved technological process management system (APC),
production system (MES), LIMS laboratory system, SAP ERP enterprise management system, and busi-
ness processes management system (BPMS).

In SIBUR, Big Data tools are used to maximize the performance of installations and improve product
quality, mobile applications, virtual and augmented reality, video analytics, robots, drones and other digital
products. Datascience tools are used: online consultants and predictive analytics.

In Nizhny Novgorod, digital production in OJSC TEPLOTEHNIKA is one of the recognized leaders
in the production of high-tech products for the aviation industry, which has its own experimental design
bureau, research, testing and production base. The TEPLOTEHNIKA company has created a functional
model from the BigData zone using machine learning algorithms, systems for construction and storage
models. In Tyumen, a modern intelligent control system has been created for an oil-refining factory. This
platform created a practically holistic human machine interface to manage a new plant installation, which
allowed the operators to receive information on the production process and make the necessary solutions
to eliminate the arising problems.

The benefits of digital transformation are best seen in examples. For instance, OJSC KAMAZ created a
special Digital Transformation Center, which has already made it possible to implement several successful
projects at once. The digitalization of industry is the concept of a new digital space, a unified system inte-
grating production machines, life support and safety systems of the enterprise, that is, all the electronics of
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the organization. Sensors and detectors make it possible to combine various physical objects into a virtual
network, in which they can interact with each other without human involvement. The main benefit of
digitalization lies in the improvement of enterprise productivity by reducing time.

To manage innovation activities, improve the efficiency of innovation processes, the Ministry of Indus-
try and Trade of Russia monitors regional and sectoral projects for the digital transformation of industrial
enterprises. There are digital platforms created that have a significant impact on the development of in-
dustrial enterprises.

Atrtificial intelligence is the main direction in the development of control systems, which can help to
get the most out of existing industries and build new, most efficient systems. The development of artificial
intelligence (Al) systems has made it possible to create automation systems of a fundamentally new level
[16, 17].

Results

1. Digital technologies allow you to analyze the situation in real time and maintain performance when
changing control objectives, unforeseen changes in the properties of a controlled object or environmental
parameters. At the design level — to improve the efficiency of new product development, automate the
selection and evaluation of suppliers, when analyzing the requirements for spare and component parts. At
the production level — to improve business processes and coordinate various production systems. At the
logistics level — to improve the planning of transportation routes, reduce the delivery time of raw materials
and ensure their predictability, as well as track shipments and the delivery process at all stages.

2. The system is capable of changing the control algorithm and looking for optimal and effective solu-
tions. Artificial intelligence will carry out production, quality control, reduce design time and reduce
waste, improve product reuse.

The use of intelligent assistants helps to reduce the number of personnel errors, simplify the produc-
tion process and reduce downtime when rebuilding technological processes. It can also choose a market
segment for promoting products on the foreign market, increase export volumes, and carry out production
development forecasts based on objective statistical data.

3. Cyber-physical systems can improve production processes by providing real-time data exchange
between such elements as industrial equipment, logistics, business and customer management systems. In
addition, cyber-physical systems allow automatic monitoring and control of the entire process, including
the adaptation of production to the current needs of the customers [18, 19].

Conclusion

The industry of the regions introducing new technological developments becomes competitive. The
country’s economy based on the development of the regions shows stable results. Digital platforms have a
significant impact on the development of industrial enterprises.

The Industry 4.0 project and program provides for the digitalization and integration of technological,
production and business processes vertically throughout the enterprise, from product development and
procurement to production, logistics and in-service maintenance. The use of software products in the
production cycle of industrial enterprises shows sustainable development of the industrial sector and the
economy of the regions.

The presence of digital competencies is important for the successful implementation of the Industry
4.0 concept in industrial enterprises in the regions of the country. Quality analytics of data is a manda-
tory requirement for the successful implementation of digital platforms in enterprises. It is necessary to
implement the tasks of the joint transition to digital production management with the broad integration
of business partners within the framework of the value chain and the transition to open platforms (Open
Platform for Smart Manufacturing).

Clustering is the real possibility of successful introduction of the cross-cutting technology.
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It is important to use international positive experience for applying a flexible production concept (Agile
Manufacturing) based on cross-functional production teams. The teams can move between cluster or-
ganizations as needed, depending on the production system. In the nuclear industry, Rosatom is already
actively using certain elements of digital production in the creation and design of stations and equipment.

Also, advanced companies, like KAMAZ, Joint Aviation Corporation, Russia helicopters produce se-
rial high-tech products and compete in the global market. STVERSTAL actively uses mobile devices to
provide transparency for maintenance and repair of equipment, as well as automate personnel planning
processes.

Digital transformation is actively used in such areas as advanced analytics, the use of big data for deci-
sion-making.

TechNet roadmap proposed by the government in the frame of Industry 4.0 ensures active introduction
of new technologies: digital design and modeling; new materials; 3D printing; CNC technology; “smart”
sensors; industrial robots; enterprise management information systems; Big data and industrial Internet
and others.

The Network Plant concept proposed by Udmurt Machine-Building Cluster suggests that the partici-
pants of the production network (cluster), having automated planning and control of production facilities,
receive the external information about the production capacity loading reserves. The concept is based on
the use of a digital technological platform — a set of software and hardware tools to ensure cloud technolo-
gy, open data, appropriate applications and services. All information about the “network factory” is stored
on cloud servers and integrated with the information systems of the participants of the “Network Plant”.

Large enterprises are just beginning to introduce separate elements of Industry 4.0. The domestic in-
dustry is gradually approaching the use of the best practices of foreign industrial production, network
interaction, organization of scientific and educational activities and the need for adaptation to a particular
industry.

Directions for further research: analysis of the practical results of the introduction of digital technol-
ogies in the industrialized regions of the country and connecting elements, indicators of economic devel-
opment.
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CraTbsl mocBsilieHa MpobjeMaM CLIEHApPHOTO MOJAEIUPOBAHUSI MPUMEHUTENbHO K pEeLIeHUSIM
psii-na 3amay yrpaBieHUs CUCTEMOU 31paBooxpaHeHust [lepMcKoro Kpasi, KOTOpbIi B TTOCAEIHUE
rojibl 00paTui Ha ce0st BHUMaHue pa3pabOoTKOM psifa MepCcreKTUBHBIX TPOEKTOB MO Pa3BUTHUIO JaH-
HOIt OTpacu, Mo paclIMPEHUIO JOCTYITHOCTA MEIULIMHCKUX YCJIYT U 11O TTOBBILIEHWIO YPOBHS MEIU -
LIMHCKOTo 00CcayXuBaHUsI HaceaeHUs. [1oCKoIbKY 110001 TOOPOTHLINM MPOEKT AOJIKEH UMETh HEIO-
CPEICTBEHHYIO TIPUBSI3KY HE TOJIBKO K OYIyIIMM IeproaaM CBOEi peaju3aliui, HO U ObITh HAyYHO
00OCHOBAHHBIM C TOYKU 3PEHUSI CTPAXOBAaHMSI BCEBO3MOXKHBIX PUCKOB U YIPO3, KOTOPbIE BCTAHYT
Ha TyTH YCIIEIITHOTO 3aBepIleHUsI MPOEKTa, B MOCAEIHEE BpEeMSsI BCIUYECKUE MPOEKTHI, MPOTPaMMbl
U TUIaHBI 4acTO pa3padaThIBAlOTCS C KCIIOJb30BAaHMEM TaK Ha3bIBAEMOIO CILIEHAPHOTO IMOIXO/a.
Hecxkosibko BapyaHTOB pa3BUTUSI COOBITUI MPU TAaKOM TMOAXOIE MPeaaraloTcs COOTBETCTBYIOLIIE-
MY KpYTy PYKOBOAUTEJE WU BJAACTHOU CTPYKTYpe Ui MOCJIEIYIOLIEero NPUHSATUS HaJIeXalllero
YIIpaBJIE€HYECKOTO pellieHusl. ABTOPBI CTaTbU PAaCCMAaTPUBAOT OCHOBHBIE MOJIOKEHUST U TPUHLIATIBI
MPUMEHEHUS CLIEHapHOTO MOAX0/1a Ha MPUMePe pa3BUTUSI CUCTEMbI 3IpaBOOXPAaHEHUS KOHKPETHO-
ro cyobekTa denepaluunu, 4To AejaeT npeajaraeMblii K pacCCMOTPEHUIO MaTepuall BeCchMa aKTyalb-
HBIM. ABTODBI € U ONPEIEISIIOT, KAaK UM TIPECTaBISIeTCs, TJIaBHBII pe3yJibTaT COBEPIIEHCTBOBAHUS
OTpaciy B BUIE 1IeJeBOro IMoKa3aTess U HallMOHAJbHOM LIeJIU — OXMAaeMOou (IIpencTosieil) mpo-
TNOJXKUTETbHOCTH KM3HU HACEJEHUS UCCIeyeMO TEPPUTOPUU. DTOT COLMATbHO-9KOHOMUYECKHU It
rnmokasareJsib, 00Jlafarolnii BCEMU TTpU3HaKaM CyIbOOHOCHOCTH, aBTOPHI CUMTAIOT IPUOPUTETHBIM
aHaJIMTUYECKUM MHIMKATOPOM YPOBHS M KauecTBa 3(p(PeKTUBHOM XU3HU poccusiHuHa. [TocnenHee
oIpeiesisieT 1eJib HACTOsIIero ncciaeaoBaHusi. PaboTocnocoOHbIM MHCTPYMEHTOM aHaau3a 1 Mpo-
THO3a 3TOTO MHAMKATOPa aBTOPHI CUMTAIOT MOCTPOEHUE ATUHAMUYECKUX MHOTO(DAKTOPHBIX MOfIeel
BapMaHTOB Pa3BUTUS OTPACIU HA MEPUOJ 10 TPEX JIET, YTO B CTaThe U MPUBOAUTCS B hopMe NSITU
OJHOBPEMEHHbIX YPAaBHEHUI MHOXECTBEHHBIX perpeccuid. Pe3ynbTaTsl MOJOOHOTO MOCTPOEHMUS
MPOJ0JIKEHBI 00CYXKIIEHUEM, a CTaThsl 3aBeplliaeTcsl BbiBogaMu. KittoueBble clioBa: ynpaBieHYecKoe
pelleHue, MPOrHo3, IJIaH, CLIeHapuii, PpUCK, Yrpo3a, BEPOSITHOCTh, HAallMOHAIbHAs 9KOHOMUKA, CU-
cTeMa 3paBOOXpaHeHUsI, TIpeacTosias (oxumaeMasi) mpoaoKUTETbHOCTb XU3HU, 9KOHOMETpPU -
yeckasi MOZIeJib, CTATUCTUUECKOE OLIEHUBAaHUE, CllydyaliHasi COCTaBJISIONIAS.

KiroueBble cj10Ba: yrpaBleHUECKOe pellieHue, MPOTrHO3, TaH, CLIEHapuii, PUCK, Yyrpo3a, BEpOsIT-
HOCTb, HallMOHAJIbHAs 9KOHOMUKA, CUCTeMa 3[IPaBOOXPaHEHUsI, TIpeaCcTosIas (oXumaeMast) Tpomao-
KUTEJBHOCTD XKU3HU, 9KOHOMETPUIECKAsT MOJE/b, CTATHCTUIECKOE OLCHMBAHUE, CIIydaifHast COCTaB-
JISTIOLAST

Ccpuika npu murupoanuu: Llanynun A H., auynun B.A. CiieHapHbIl TTOAXOM K MOCTPOCHUIO
MPOTHO3HBIX MOJIeJIell pa3BUTHSI PErMOHAIBHBIX CUCTEM 3JipaBooxpaHeHus // HayuHo-TexHu4eckue
BenomocTu CIT6I'TIY. DkoHomuueckue Hayku. 2021. T. 14, Ne 2. C. 115—136. DOI: 10.18721/JE.14208

DTO cTaThsl OTKPHITOrO A0CTYyMa, pacrnpoctpaHseMas no guueH3uu CC BY-NC 4.0 (https://crea-
tivecommons.org/licenses/by-nc/4.0/)

Introduction

The mechanism for managing the national health care system, which developed during the period of a
transitional market economy and has characteristic recognizable features of the organizational and eco-
nomic order, suffers from noticeable systemic deficiencies and contains significant internal contradictions.
Most of the contradictions and shortcomings noticed in the vast scientific literature were recorded and
analyzed in detail, while the scientific community and society found a more or less stable agreement on
the ways to overcome them.

The managerial decisions made by the power structures of different levels in recent years as part of the
modernization of the industry meet with a serious misunderstanding of the general population, and they
generate heated discussions among specialists. And all this provided that all stakeholders in the moderni-
zation process want a radical improvement in the health of the Russian population and are looking, both
separately and together, for formulations of specific upcoming managerial decisions and ways to regulate
the industry in order to truly improve it.

In the regulation of health care, the state determines the goal, objectives, directions, principles of state
policy, sets the amount of budget financing and tries to create a system of efficient regulators. The objects
of the health care system, which are regulated by the state in one way or another, include all institutions
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and subordinate health services. The main body for achieving goals and solving problems in the health
sector is the Ministry of Health of the Russian Federation (MoH).

This authority is also entrusted with the task of forming state policy and monitoring its implementation,
especially since the allocated financial content of the industry and contribution to GDP are very signifi-
cant. Thus, the share of Russian healthcare in the expenditure side of the budget for 2020 (in the author’s
assessment of the structure of the budget list) was slightly more than 4.0%. The government of the country
and the Ministry of Health of the Russian Federation are also developing tools for the effective functioning
of the industry, determine state standards, carry out forecasting and planning, and form a state order pro-
gram in order to provide the healthcare sector with adequate resources and reserves. However, any of the
most perfect goal-setting needs mechanisms for achieving goals, in which scientifically based schemes for
making appropriate management decisions play an important role.

In special areas of economic analysis and applied mathematics, problems, technology and techniques
for adapting decision-making theory, which developed rapidly abroad in 1950—1960, to a variety of practi-
cal problems that have a certain national economic and targeted socio-economic significance, were stud-
ied. After an initial rapid influx of theoretical work in the field of corporate time planning, by the end of the
1980s there was a certain lull. Only in the productive 90s, interest in this topic has renewed in connection
with the emergence of new cybernetic algorithms and with the dramatically increased processing power
and increased volumes of relevant information. This, in turn, led to the emergence of real opportunities to
create original science-intensive and practical applications with a truly innovative character [1, 6].

Review of literary sources

Since the 60s of the last century, the theory of managerial decision-making has been widely adopted
by modern mathematical and statistical methods. Therefore, in 1965, the American scientist L.A. Zadeh
(Lotfi Alasker Zadeh) published his work [20], which laid the foundation for the theory of fuzzy (uncertain)
sets and developed an independent version of the terminological apparatus on fuzzy (continual) logic. The
emergence of algorithms and operations based on fuzzy sets found their application in machine electronic
systems of logical inference of expert systems by the end of the 70s and the beginning of the 80s. And later,
when predicting the election results, when assessing atmospheric pollution and the state of the environ-
ment, when constructing histograms of the ratios of the factors taken into account in the triad of consumer
effective demand, price / quality / time, such algorithms and operations proved their suitability for making
managerial decisions [5].

In the 80—90s, mass microchips based on the principles of fuzzy logic began to appear on the market,
which are especially suitable and useful in creating all kinds of robots, and then in the development of
long-awaited artificial intelligence systems. The zero years of the 21 century have been directly related to
the creation of more or less plausible scenarios for the development of diverse economic schemes. Moreo-
ver, the mechanisms of such scenarios were also based on the ideology of fuzzy logic and fuzzy sets, while
the scenarios were primarily developed for large corporate-type businesses, military-industrial complexes
and military affairs itself.

At the same time, in the 70s, varieties of the method of expert estimates were created. It was at that
time, thanks to E.A. Feibenbaum (Feibenbaum Edward Albert, 1971), a professor of Stanford University,
an interpreter for mass spectrograms appeared under the working name DENDRAL, which served as a
prototype for all expert systems. Already in 1976, the MYCYN expert product (a subsidiary version of
DENDRAL) was registered for the practical diagnosis of blood for bacterial and viral infections, which
was a full-fledged expert system with unique analytical capabilities of the pattern recognition procedure
in the screening and testing mode [16]. In the 1980s and especially in the 1990s, as well as the zero years
of the 21 century, later innovative expert systems and advanced methodology of expert assessments have
found their widest application in sectors of the economy. They were, above all, for the prompt adoption of
scientifically grounded management decisions.

117



4 St. Petersburg State Polytechnical University Journal. Economics Vol. 14, No. 2, 2021>

At the end of the 20" and the beginning of the 21* century, similar and related studies were continued,
in particular, in the works of essentially his own views, of neo-globalist F. Fukuyama (Francis Fukuyama)
[9]. The results achieved in this narrower area were used to simplify procedures for solving real applied
problems by taking relatively rational and conditionally ranked measures in those areas of social life that
are traditionally considered vital, truly problematic and complex. Such areas then and now include state
and municipal government, including local government, military and foreign policy, medical diagnostics
and health systems [6].

The rates, which usually correspond to the level of the identified threat metrics and the state of the
organism of sick national economies, are extremely high when making wrong! or erronecous? managerial
decisions here, as nowhere else. The nature of such a peculiar socio-economic threat measurement is de-
termined not only by industry and commercial risks, but also by country, political, demographic and other
types of risks. This circumstance (quite pluralistic views on the nature of risk and threat) forces us to apply
a systemic and integrated approach to probabilistic assessment of risks and threats to the implementation
of socio-economic programs and projects of different levels [17].

The systemic and integrated approaches are traditionally provided using both frequently used measure-
ment methods, for example, expert assessments, categories of elasticity and sensitivity (measured sensibility),
decision trees, randomized Monte Carlo algorithms (simulation modeling) for optimization problems, and
purely theoretical novelties of the type: scenario analysis algorithm, hidden Markov models?, R.E. Kalman,
neural networks and dynamic Bayesian networks for temporal models. The latter are based on the fruitful and
in no way outdated ideas of network processes by the British mathematician T. Bayes [11].

This is a rather conventional novelty of the productive 60s of the 20" century in the form of scenario al-
gorithms, gradually formed from the individual achievements of mathematical statisticians and was based
initially on the technology of predicting political and social processes of Ch. G. Kahn (Charles H. Kahn)
[16] and in the study [15]. The theoretical innovation turned into a conceptual essence when assessing
strategic management decisions in the works of Hawken P., Ogilvy J., Schwartz P. [14] in the 80s. Then it
was further elaborated in the 90s, when developing alternative options for the formation scenarios for the
future development of commercial structures and large joint projects of business and government in the
work of P. Schoemaker [18], as well as in the works of famous Russian scientists [23, 24, 25].

As a result, in less than 20 years of the 21 century, scenario analysis has developed as an independent
and rather fastidious approach to making management decisions on a probabilistic basis. It is the probabil-
ities that order the stochastic depths of the unknown that have recently provided themselves, in the opinion
of the authors of the article, a certain way of total accounting for the countable measure of uncertainty /
uncertainty or the degree of entropy / disorder of systems that arise either for reasons of forced savings of
various kinds of efforts, or the actual absence of special knowledge (sometimes both at the same time). The
attempts of some economists to apply the conceptual apparatus of the concept of entropy to political pro-
cesses and to formulate a certain concept of political entropy, the authors of this article consider as having
no prospects*.

Purpose and formulation of the problems of the study

As the experience of domestic administration shows, skillful public administration of such a difficult
object as the national health care system even in the difficult post-crisis conditions of the Russian econo-
my, building sound strategies for the development of the industry under study with appropriate combined

! The authors see here a type I error with falling into the situation of rejection of a true null hypothesis /7. The countable probabilities of getting
a type I error are calculated using Bayes’ Theorem. Figure 3 explains the place of the type I error.

? In this case, we understand a type II error, when the initially incorrect / incorrect statistical zero-hypothesis /7, is mistakenly confirmed / ac-
cepted — an alternative hypothesis. For more detail, see [24].

* For example, the well-known so-called hidden Markov model, which is a temporal probabilistic model, where the state of the process is
described using a single discrete random variable, and possible values of this variable can be possible states of the environment, territory, etc.
algorithms.

* Yavlinsky G.A. “Apple” wars // “Novaya Gazeta” No. 14 dated 02/10/2021. S. 10-11.
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financing allowed a separate subject of the federation, which occupied the 83™ place in the Russian Feder-
ation, to sharply rush up to the 3™ place’. Here we specifically talked about the successful reform of health-
care in the Kirov region. On 10/22/2020, the Governor of the Perm Territory (PC) D.N. Makhonin in his
speech at a meeting of the local legislature announced an equally decisive and rather ambitious approach®.

The current governor of the PC outlined his strategy as follows: “The primary task is to modernize
healthcare. One of the main priorities is personnel. Today, based on the experience of combating corona-
virus, we can say that the main difficulty in providing medical care is a certain staff shortage. Compared to
the average Russian medical supply, the PC looks not bad, but there are enough problems. Therefore, we
include an increase in funding for the “Zemsky Doctor” program (twice) in the budget; we will continue
to implement the “Zemsky Feldsher” program. We will strengthen cooperation with the Perm Medical
Academy so that as many graduates as possible stay to work in our medical institutions. We will create
better working conditions and modernize infrastructure.”’

The governor outlined a number of priority tasks for the analyzed industry to the regional authorities,
namely, increasing the availability of medical care, regardless of place of residence, using the so-called
“mobile clinics”, digitalization of units, settlement of the personnel problem of medical personnel, repair
and construction of medical facilities, renewal of medical equipment and an ambulance fleet, the creation
of medical aviation, the fight against oncology and cardiovascular diseases. Already in 2020, as part of the
development of the sanitary aviation system, a helipad appeared in a small town Chernushka.

To solve these tasks for the development of health care for the period of 2021—2023, 180 billion rubles
are allocated (see Table 1), and in terms of the development of its own medical infrastructure, the PC, as
foreseen, will reach a kind of interregional records. Thus, by the end of the three-year period, it is planned
to commission 24 new medical facilities in different territories of the region, for which about 8 billion
rubles of budgetary funds are allocated. In particular, already in 2021, it is planned to build new medical
buildings in Cherdyn and Yurla, four polyclinics in the capital of the region, including those three for chil-
dren that were not put into operation according to the 2019 Program?. Buildings are being renovated in the
region feldsher-obstetric points (FOP) and rural medical outpatient clinics (RMOC) are being equipped,
new and state-of-art medical equipment is being purchased. For example, in 2020, the PC authorities pro-
cured about 3.5 thousand units high-precision equipment, including MRI, CT and ultrasound machines.

The head of the region considers the digitalization of the industry an important point in the strategy for
the development of medicine (so far, however, not reflected in the program itself), which will make almost
all buildings of polyclinics and hospitals available on the Internet. During 2021, it is planned to connect
most of the FOPs to the network, which will open up the potential of telemedicine and, accordingly, will
affect the quality of services for those in need, regardless of where they live. Currently, the overwhelming
number of residents of the region have an electronic medical record, and all healthcare institutions are
already connected to the Unified Information System (UIS), which gives bright hopes for the implemen-
tation of the governor’s ideas on digitalization of the industry in the PC.

Commenting on the content of the speech of the governor of the PC, one can understand that a specific
regional health care system requires a fundamental update based on radical modernization, and not a mul-
ti-step optimization of the desired system in the mode of a long-term and painful procedure, but sluggish
reform. The governor presents modernization in the form of consistency and compliance of the provision
of medical care to the population with modern conditions for the development of medical science, the
achievements of practical health care and the requirements of advanced bases of socio-economic stand-
ards, including the level and quality of life of Russians [6].

> Gaidar M.E. Debriefing / URL: https://echo.msk.ru/sounds/stream.html. (date of access: 12/14/2020).

¢ Speech by the Governor of the Perm Territory // Transformations in the PC health care system. URL: https://www. permkrai.ru/news/dmi-
triy-makhonin-zayavil-o-preobrazovaniyakh-v-sisteme-zdravookhraneniya-permskogo-kraya. (date of access: 11.12.2020).

7 Transformations in the PC healthcare system. URL: https://www.permkrai.ru/news/dmitriy-makhonin-zayavil-o-preobrazovaniyakh-v-sis-
teme-zdravookhraneniya-permskogo-kraya. (date of access: 11/12/2020).

8 Decree of the Government of the PC of June 17, 2019 No. 411-p "On approval of the Program" Development of children's healthcare in PC,
including the creation of a modern infrastructure for helping children." (date of access: 12.12.2020).
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Table 1. The main parameters of the budget of the Perm Territory in 2020 and the plane for 2021-2023

No. Name indicator 2020 2021 2022 2023
p/p
1 2 3 4 5 6
1 SME turnover at comparable prices’, RUB bln 837.0* 869.0%* 902.0%* 936.0**
) Fixed capital investments, RUB bin 229.0 252.0 275.0 294.0
— to the same period, % 97.0 97.0 105.0 98.0
3 | Export, $ billion 3.0* 5.0%* 5.8%* 5.4k
4 PC budget revenues, RUB bin 141.8* 145.6** 156.6** 165.5%*
Chain growth rate, % —0.32 +2.61 +7.55 +5.68
5 Budget expenditures, RUB bln 111.7* 127.4%* 136.5%* 144 .8**
Chain growth rate, % +0.21 +14.06 +7.14 +6.08
6 Development budget expenditures, RUB bln 31.4* 35. 7% 38.9%%* 41, 3k
—in% of line 5 28.07 28.02 28.50 28.52
Regional budget deficit, RUB bin 17.9* 18.2* 20.1* 20.8*
7 —in % of income (of the amount of line 4) 12.61 12.50 12.84 12.57
—in % of expenses (of the amount of line 5) 16.03 14.29 14.73 14.36
g Budget expenditures on healthcare in PC, RUB bln 55.0%* 57.5%* 60.0%** 62.5%*
Chain growth rate, % +3.93 +4.55 +4.35 +4.17

Note: * estimate; ** plan; *** forecast.

Source of information: Sat. Macroeconomic statistics of the PC.

Such modernization congruence includes training of medical personnel, optimization of networks of
medical institutions, real availability of medical care for any resident of the region, clear programmatic
steps in the development and subsequent implementation of the Strategy for the development of the PC
health care system. Certain information on filling resources for the implementation of the three-year plan
is presented in Table 1.

According to analysts, PC budget losses in 2020 will amount to about 29 billion rubles, with projected
federal budget subsidies of 7.7 billion rubles. At the same time, the budget deficit in 2020 is 38 billion ru-
bles, almost 97% of it will be covered by bank loans (by 37 billion rubles with the regional government debt
of 4.06 billion rubles).

And if a full-fledged strategy, program and plan for the development of the PC health care system under
the leadership of the last governor has yet to be developed (in contrast, say, from the “Strategy for the de-
velopment of small and medium-sized businesses until 2030, which was developed by the regional Agency
for the Development of Small and medium-sized businesses (SMEs) and which was presented on Decem-
ber 11, 2020 at a meeting of the government of the Kama region'’), then more detailed judgments should
be made about the technologies of professional strategizing [25] in the healthcare sector in this article. In
particular, deal with the representation of classical planning problems, i.e. with methods of algorithmi-
zation of object states, actions and goals of the control system, as well as clarify the problems of scenario
modeling, which serves as an advanced toolkit of strategy technology, strategic management methodology
and methods of prospective analysis.

Taking into account the above, the authors of this article consider the main provisions and principles
of the scenario approach using the example of the development of the PC healthcare system, which makes
the material proposed for consideration quite relevant. The authors see the main result of improving the
industry in assessing the target and national goal — the expected (upcoming) life expectancy of the popu-

° In the implementation of plans for the development of the regional healthcare system business entities play an active role in the PPP (pub-
lic-private partnership) regime.

" URL: https: //xn-90aifddrld7a.xn--plai/novosti/news/permskiy-kray-stal-pervym-regionom-razrabotavshim-strategiyu-razvitiya-malogo-i-
srednego-biznesana. (date of access: 20.12.2020).
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lation of the study area. This socio-economic indicator, which has all the signs of fatefulness, is considered
by the authors to be a priority analytical indicator of the level and quality of an effective life of a Russian.
The latter determines the purpose of this study.

The authors consider the construction of dynamic multifactor models of industry development options
for a period of up to three years to be an efficient tool for analyzing and forecasting this indicator, which in
the article defines a number of special fasks: the implementation of the stages of the scenario approach and
the construction of a predictive model in the form of a system of five simultaneous equations of multiple
regressions.

Research Methods, Methodology and tools

Chronologically, the application of the scenario approach took shape in the late 1980s as an expected
and reasonable alternative to univariate econometric forecasts of the future implementation of large-scale
investment projects and the prospective development of transnational corporations. However, in essence,
the scenarios read out at that time were prepared as tools for the implementation of a corporate strategy.
In such scenarios, the emphasis was placed on precisely those positions that were deemed significant for
most line managers of these structures and staff analysts during their current discussions of variable man-
agement decisions, taking into account the influence of a properly functioning feedback system, Russified
and entered into everyday circulation as feedback.

These kinds of connections are extremely useful and preferable to others, provided that there is a sin-
cere desire to know what really happened in the past and to learn from what was done then. And in order to
choose a further path of development, the analyst-planner / planner-scriptwriter needs more or less relia-
ble and complete information about the future — a kind of advanced connection with a given perspective,
which is very conventionally demonstrated in Fig. 1.

Any event preference, when expressed in the form of utility, is combined with probabilities in a general
theory of rational decisions called the decision theory, as follows: Decision theory = Probability theory +
+ Utility theory. 1t is appropriate here to recall the wisdom of the greats. Thus, Charles-Maurice de Tall-
eyrand-Périgord used to say: “The art of managing public affairs is to foresee the inevitable and to facilitate
its fulfillment.”!"!

The fundamental idea of decision theory is that any planner analyst is rational if and only if he chooses
an action that allows him to achieve the greatest expected public utility, averaged over all possible outcomes
of a given action. This forms the essence of the so-called principle of maximum expected utility (MEU).
Univariate forecasts, as a rule, rigidly set a single trajectory for the future development of an organization
and / or a sectoral department (ministry, profile committee, etc.). But in practice, they most often turned
out to be erroneous, in particular because of the ambivalence of the customers of the forecast. Therefore,
with a scenario approach for a specific object of research, it is customary to develop several closely proba-
bilistic outcomes (occurrence of events), but noticeably contrasting options for the future development of
the external environment of this object.

The task of the scenario method is to develop a certain common understanding in the team of the
analyzed object, which will provide its personnel with coordinated actions in achieving the main strategic
goals of the actor of the socio-economic space. The main goal of the strategic conversation scheme is to
create and launch in the structures of the studied object the process of conscious penetration of employees
into the essence of the strategizing procedure [1]. But a more detailed and constructive idea of the process
of scenario modeling (planning) can be given by the generally accepted scheme of iterations'?, consisting
of eight steps-stages as edited by the authors of the article, tied to the subject of PC and shown in Fig. 2.

' Source: URL: https: //citaty.su/aforizmy-i-citaty-sharlya-morisa-de-talejrana. (date of access: 31.12.2020).

12 TlonoB C.A. AKTyaJbHBIIl CTpaTernuecKuii MCHEKMEHT. Buaenne — 1ienu — u3MeHeHus: ydeOHo-npaktudeckoe nocodue / C.A. Ilonos. —
Mocksa: U3narensctBo FOpaiit, 2016. — 447 c. — (ABropckuii yuebuuk). — ISBN 978-5-9916-8216-9. — Tekcr : anexrponusti / 9bC FOpaiit
[caiiT]. — URL: https://urait.ru/bcode/393975 (nara obpamenus: 16.02.2021).
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Communication with the future period (forecast horizon)
in the form of a scenario, trend, dependence, pattern and/or
() predictive numerical model of the target

-

Impact force r

Medium exposure 100% Time, months

)
Feedback of the effects / events that took place with the object

under study in the retrospective period with their registration,
analysis and quantitative assessment

Fig. 1. Conditional scheme of relationships and influences of feedback-type effects
on the analyst’s scenario activity. Compiled by the authors

Nevertheless, it should be remembered that the scenario itself is noticeably different from the model
forecast and subjective vision (almost always, desired and individual), but is a convincing description of the
most plausible options for shaping the future. The diagram in Fig. 3 allows us to illustrate the differences
between the three main categories of perception of future constructions of what is happening. Referring to
the generally accepted planning terminology, developers constantly build their sets of actions on the object
of study for the planned period, and these actions are most often based on various types of forecasts, sce-
narios and visions. In stable conditions and in a short time frame, socio-economic forecasts, as a rule, are
both necessary and effective, since they allow reducing the considered risks [10], quantifying the complex
of threats, and also increasing the certainty of the main events and effects that will occur in the coming
periods with the analyzed industry — PC healthcare.

Ideally, each strategic decision in the scheme of the development strategy of the studied object as a
whole should become sufficiently stable in any scenario created. But it is extremely difficult to come to
such solutions of sufficiency, and in some cases, it is simply impossible. A more typical situation is when
certain strategic decisions and / or development strategy of the industry as a whole turn out to be good
(simplified semantics) under one or several specific scenarios and bad (semantics of the same level) when
analyzing other scenarios.

Therefore, considering the developed scenarios, with a quantitative justification of certain decisions
contained in them, for example, those outlined in stage 1, it is necessary to weigh the various risks associ-
ated with the probability of the occurrence of certain scenario events statistically. In addition, there should
be a deliberate search for such precise strategic decisions that will be sufficient and acceptable for the ob-
ject under study relative to all available scenarios.

One example of possible risks is the situation with the Covid-19 pandemic and its extremely grave con-
sequences for the socio-economic situation not only in the regions, but also in the country as a whole.
According to the Rospotrebnadzor for 12.12.2020, the total number of infected in PC reached 12 133. The
indicator of the daily increase in patients reached 1.2%, which makes it possible to track the dynamics of
the spread of infection in the region. The prevalence rate of the disease as of the indicated date was 1.19
(for comparison, 1.13 as of October 21, 2020)"3.

The large-scale socio-economic consequences of the pandemic have yet to be described by specialists,
but it is already obvious today that the population has undergone a targeted strike. According to official
data, excess mortality in Russia for eleven months of 2020 exceeded the corresponding period of the previ-
ous year by 230 thousand people'*. According to the unconfirmed information of independent statistician

13 Map of the spread of coronavirus in PC // URL: / www.permkrai.ru/antivirus. (date of access: 20.12.2020).
14 Dissenting opinion of prof. Zubarevich N.V. URL: / https: //echo.msk.ru/sounds/2772800.html (date of access: 14.01.2021).
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Stage 1. Determination of key strategic directions and/or issues that have emerged from the results of the analysis,
requiring management decisions, but mandatory in terms of doctrine, mission, concepts and programs for the
development of the industry, main goals, interests of a particular regional organization and / or federal center.

v

Stage 2. Establishment of the main factors of the closest environment external to the PC that determine the
failure or success in the selected strategic areas; identified based on the results of the analysis in terms of
consumers of medical services and the level of the corresponding infrastructure of the PC health system.

v

Stage 3. Identification of the main factors of the distant environment external to the PC, determining and
cotrecting the action of the factors identified at stage 2, as well as having the status of both predetermined
(population statistics, demographic dependencies) and undefined (consequences of the crisis, results of elections
of the head of state, region, etc.) factors with an assessment of their functional-stochastic nature.

v

Stage 4. Ranking of no more than 6 features-factors identified at stages 2 and 3 according to two measurable
criteria; importance and degree of certainty. At the same time, 2-3 factors, 1dentified as cavsal determinants, are
quantitatively assessed, and 2—3 are objectively the most uncertain.

:

Stage 5. Analysis of the formal logic of each scenario with consideration of the alternative logic of each
development scenario (the so-called “logical pillars™) in order to reach a relatively small number of scenarios that
differ in their solution content, but are tied to the strategic 1ssues of stage 1. Any level of uncertainty in the
behavior of an established group of evidence-facts of different scenarios should be, as evidenced by the theory
[5]. no more than four options. Within the framework of each scenario, the actual dynamic aspect of the logic of
its development 1s defined by a special scenario driver that allows a specialist to employ spatial schemes (in 3.0)
solutions, and then k-dimensional structures of statistical analysis, even with three drivers.

'

Stage 6. “Cleaning™ the developed scenarios in a situation, where the most important scenario drivers are
installed, comes down to an in-depth analysis of the constructed time series of socio-economic indicators for PC
for the period of 20052019 on the finally selected for the purposes of modeling the criteria-factors to be
investigated for the correlation density of the statistical connection.

v

Stage 7. Evaluation of the completeness of the detailed possible scenarios for the development of the PC
healthcare industry consists in finding out the correctness of the comncidence for a particular management
decision and in assessing the sustainability of the strategic decisions of stage 1 for all scenarios.

v

Stage 8. Establishment of the so-called significant indicators, which should clearly signal the onset of major
political events, registration of significant facts of economic and social life, which is desirable to promptly
monitor and find out as early as possible which specific scenario of all the developed ones turned out to be

closest to real life. The authors of this article consider the average expected (future) life expectancy of the entire
PC population to be such a complex and generalizing significant indicator — a target indicator as a national goal
of the Russian Federation.

Fig. 2. Stages of the iterative procedure for developing scenarios for the development of the health care system of the Perm Territory
for the period of 2020—2023. The standard steps for iterating the stages are given as edited by the authors of the article

A. Raksha (ex-demographer of Rosstat), excess mortality in the Russian Federation is even more signifi-
cant and reaches as much as 300 thousand people.

More recent and updated information on the registration of deaths and births for April-October indi-
cates a sharp increase in excess mortality compared to 2019 in the Russian Federation — + 16%, and for
the so-called highlighted zones: in the first zone of "hard growth" in Moscow — + 26%; Moscow region
+ 22%; St. Petersburg 26%. In the second zone of "most severe growth": Dagestan — + 46%; Ingushetia
+ 48%; Chechnya — even + 53%. In November 2020, the statistics are condensed even more — in Moscow
+ 48.9%; in December, these figures for the capital and St. Petersburg and Leningrad Region are similar
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Variant of
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for atype I Hy hypothesis for a type II error
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Possible options not less
future development p=954%

Desired options
future development

Possible options of
future development

The starting point of strategizing and development scenarios object under study

Fig. 3. The relationship between the desired, possible and probable variants of perception of the formed future.

The idea of the circuit design was borrowed by the authors from [5]

and are approaching 50 percent. Against this background, the situation in the PC by this indicator turned
out to be much calmer'.

At the same time, the population of the country is significantly decreasing, and at a noticeable pace:
from January to September 2020, 1,069 thousand children were born, which is 47 thousand less than in
2019. During the same period, the natural population decline amounted to 387 thousand people against
150 thousand last year. The total population of the country decreased by 510 thousand people against
2020'¢. According to the same demographic statistician A. Rakshi, the decline even reached 590 thousand
people’.

The increase in mortality due to the pandemic will lead to the fact that life expectancy at birth by the
end of the past year will certainly decrease. However, the Decree of the President of the Russian Federation
of July 21, 2020 No. 474 “On the national development goals of the Russian Federation for the period up
to 2030” in paragraph 2a) (“Preservation of the population, health and well-being of people”) established
a target indicator characterizing the achievement of national goals by 2030 as raising life expectancy to 78
years'®, If some analysts estimate this indicator for 2019 at 73.3 years in the Russian Federation', then the
results of 2020 can make their own noticeable adjustments, lowering it by several years at once. To revive

15 Program “Aces” with prof. N.V. Zubarevich. URL: / https: //echo.msk.ru/sounds/2776966.html (date of access: 21.01.2021).

16 Remchukov K. Personally yours. https://echo.msk.ru/sounds/stream.html (date accessed: 02/08/2021).

'7 In the circle of light. URL: https: //echo.msk.ru/sounds/stream.html (date of access: 09.02.2021).

'8 Decree of the President of the Russian Federation of July 21, 2020 N 474 “On the national development goals of the Russian Federation for
the period up to 2030 // URL: https: //rg.ru/2020/ 07/22 / ukaz-dok.html ... (data obrashcheniya: 10.01.2021).

1 RBC data // URL: https: //www.rbc.ru/society/16/12/2020/5fbd65c¢79a7947471677¢904. (date of access: 14.01.2021).
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the content of the article, it can be noted that at the beginning of 2021 there were more than 5 million
people over 80 years old in Russia, and the country’s internal affairs bodies even received instructional
departmental proposals to store fingerprints for up to 100 years.

The hypothesis put forward by some experts that the main victims of the coronavirus are the elderly
from different risk groups has not yet received its final confirmation from sanitary doctors and doctors. But
the demographic fact is indisputable — the Russian population is aging. The theses that the age structure of
the population does not depend on its size, and that it does not change over time, are considered prelim-
inary by the authors of the article. The nonlinear trend of age-related mortality, i.e. the characteristics of
mortality in each age group, differ markedly, depending on the territory of observation, the trend has not
been identified in terms of the set of taken into account signs-factors and has not yet been found in open
public models.

Thus, the listed theses can also be called working statistical hypotheses. Here, the calculation carried
out by the United Nations Program for the Assessment of the Human Development Index (HDI) for Rus-
sia, using the structural average, the median, may seem useful. Thus, the median age in the country in 2010
was 38.0 years, and by 2020 it had grown to 39.6 years. This means that exactly half of the Russian popula-
tion in the past year was younger than that age, and the other half was older. Another interesting research,
in the context of the discussion, is the per-country estimate of excess mortality using their own original
statistical model, which was built by The Economist analysts in the context of eliminating the impact of the
Covid-19 pandemic on the natural population decline in the first row countries [18].

The implementation of the national project “Demography” alone after all adjustments would require
the funding of 4.6 trillion rubles from 2019 to 2024. And 90% of the funds, something about 700 billion
rubles, according to the Ministry of Finance of the Russian Federation, have already been spent on de-
mography by the end of 2020%. Large-scale healthcare costs are always necessary, always appropriate,
and almost always inevitable. But the assessment of the effectiveness of such investments can be meas-
ured using any complex, composite indicator or associated indicator that characterizes the productivity
of investments in the industry under study quite reliably. The authors of the article, fully agreeing with the
well-known thesis that “money does not heal”, consider the average life expectancy of the entire popula-
tion of the country (without division by gender) as such a universal indicator, as well as the subject of the
federation, including a typical resident of the PC.

In the context of proper digitalization of processes, including demographic processes, improvement
of statistical observation, accounting, analysis of fertility, mortality, migration and mechanical movement
of the population, such an indicator turns into an indicator of early detection of the concomitant effects
of targeted funding and administrative efforts on the ground in specific scenarios and in the field of the
strategic competence of the relevant specific organization (say, the Administration and the Government of
the PC). Such mastered professional competence in the field of strategizing, in turn, will become quite a
solid basis for creating a powerful lever of power structures in the PC for making the necessary decisions,
and, consequently, achieving a strategic competitive advantage at the interregional level of the Russian
Federation.

The same professional competence will make it possible to carry out a systematic and complex analysis
of the developed scenarios in an information environment with serious uncertainty in a qualified manner,
taking into account the real-life effects of emergence and synergy inherent in the scenario. The system
under study, for example, a health care management system in the PC alone, may have the property of
emergence initially, but given and by default, in a situation when this system is made up of components
built on the basis of local elements, which are not inherent in this system property of the system separately.

The property of synergy presupposes a varied interaction of the components of the system, as a result of
which the system under study acquires new qualitative varying characteristics depending on the composi-

2 TIpaBUTENBCTBO BIBOE COKPATUIIO PAacXoibl Ha 3jpaBooxpaneHue/ https://www.finanz.ru/novosti/aktsii/pravitelstvo-vdvoe-sokratilo-rask-
hody-na-zdravookhranenie-1030173928 (nara obpamienus: 27.02.2021).
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tion of the components, which did not initially possess the formed property. These differences in the un-
derstanding of the essence of system properties suggest that a type I property is a dynamic derivative from
the development of the system under study itself with a fixed set of components. Accordingly, emergence
occupies a higher position in the hierarchy of systemic properties than synergy.

A common example is the description of emergent properties in the Bible, the Gospel of Matthew —
“Because the Lord said: ... for where two or three are gathered in My name, there I am in the midst of
them”?!. An example of a synergistic property can be the joint action of individual authorities or system
elements of the administrative vertical in the forced resolution of a serious problem that has arisen. Or a
joint effect on the human body according to a specially prescribed scheme of various drugs, which enhanc-
es the healing effect of each of them.

Returning to the problems of financing efforts in healthcare in the PC, it should be noted that the method
of raising funds in the region has developed a mixed scheme, which involves both personal funds of the popu-
lation and state ones, i.e. public finance. The program of state guarantees of free provision of medical care to
citizens (SGBP), investment costs, maintenance of medical institutions, including educational institutions,
the activities of the sanitary-epidemiological service, etc. are financed at the expense of budget funds.

At the same time, the population of the region pays for medical care both directly, by paying for medical
services in state, municipal and private organizations, and through voluntary medical insurance schemes
(VHI). The named features of financing can be taken into account in the scenario approach in the course of
statistical modeling using traditional and well-known techniques. Modeling difficulties can cause blurred
measurements of various kinds of consequences of the gathering strength of the Covid-19 pandemic with
its many predicted waves already throughout 2021.

Results

With the agenda of improving the efficiency of managing a commercial organization and / or admin-
istrative (power) structure in the newest conditions, the well-known information and analytical agencies
Deloitte and Salesforce organized an international discussion on the development of scenarios for the de-
velopment of events with some of the world’s best experts in scenario planning to study the impact of the
current situation on politics, society and business [3]. As a result of a professional discussion, specialists
proposed for consideration four detailed scenarios for the long term (3—5 years): what will the world look
like after the coronavirus and what will organizations and economic entities need to safely continue their
normal activities in the new conditions? All scenarios mentioned on the forum were created using mode-
ling capabilities.

Construction of an economic and statistical model for the analysis and forecast of the dynamics of the effi-
cient feature

When using systematic statistical methods for evaluating high-dimensional models, consisting of a sys-
tem of structural equations, quite reliable prospective calculations of interrelated effective signs-factors
can be made, even those suffering to a certain extent with the effect of multicollinearity (interdependence,
joint dependence of variables) on the forecast horizon from 3 to 5 years [7]. In general, each such structural
equation is a dynamic multivariate model (DMM) with a trend component.

The authors of the article used in their research a modification of the V.V. Shvyrkov — A.N. Tsatsulin?
for constructing the DMM of the upcoming (expected) average life expectancy of the entire PC popula-
tion from the features-factors taken into account in the work, formed within the health care system of the
studied subject. The mentioned system in general form and in generally accepted standard notation can be
written in a matrix form as follows:

2! Bible. Books of Holy Scripture of the Old and New Testaments with parallel passages and appendices. Ch. 18, verse 20 — Moscow: Eksmo
Publishing House, 2018. — 771 p. ISBN: 978-5-04-089852-7

2 Tsatsulin A.N. Primeneniye statisticheskikh metodov pri modelirovanii i kratkosrochnom prognozirovanii razvitiya otrasli (na materialakh
konditerskoy promyshlennosti RSFSR) // Dissertatsiya na soiskaniye uchonoy stepeni kandidata ekonomicheskikh nauk / Leningradskiy finanso-
vo-ekonomicheskiy institut im. N.A. Voznesenskogo. Leningrad, 1974. — 228 s.
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" =Yy+XP+eg,, (1)

where y,(l”’) are the efficient A-variables that are influenced by interdependence at time t;

Y is a matrix of effective features from individual structural equations of the system in the i year;

X , isa matrix that includes a set of exogenous and endogenous variables with the identified correspond-
ing time lag;

B, v are parameters for dependent and independent variables of multiple regression equations;

g,, is a vector of residual random component for each A-variable.

The system from expression (1) can also be written through the so-called reduced form for endogenous
variables y,(l"’), h =1,m with zero lag as a system of linear simultaneous equations for predefined variables
(exogenous and endogenous with lag) and random components of the form € e, - Here, we assume that
none of the constructed equations can be expressed as a linear function of the others, since otherwise,
one equation would be redundant and the system of equations would be inconsistent. The given form is as
follows:

y;(lt[) =0,Z,+ N, » (2)

where Z, is the [1 x m] matrix of predefined variables;

® , is a matrix of linear regression coefficients with dimension [1 x m];

M, is the random component of the already reduced form, which is a linear function of the magnitude
of the statistical “residual” & e, -

Regression y, for all characteristics Zh can be obtained using the method of least squares (OLS-esti-
mates; The Method of the Least Squares — LS) as coefficients of the reduced form ® , The OLS estimates of
each equation in system (1) may not represent true estimates of structural coefficients at all. The meaning
of the reduced form of the model in this case is that the individual equations that make up the model sys-
tem can be interpreted as conditional mathematical expectations (MEM), or operator E on endogenous
variables, provided E = (nm ) =0.

The advantage of the reduced form for forecasting purposes is that its constituent equations express
unidirectional relationships between variables. The predefined variables in this case affect the interde-
pendent variables; the inverse statistical effect in the recursive mode is excluded. When forecasting com-
plex socio-economic processes, both of the listed types of models are used in their classical form — recur-
sive and interdependent equations.

Consider the part of the abbreviated form that corresponds to the jointly dependent variables on the
right side of expression (1). Estimating it using OLS, it turns out

S|
Y=X(X'X) X*Y+U, (3)

where (X 1.6 )_1 X *Y is the matrix of coefficients of the reduced form, obtained with the help of OLS
estimation, in its it meaning corresponds to @h from Eq. (2);

* is a sign of transposition of matrix X;

U is a matrix of random residuals of the system U = {n i }

Let us list the stages of constructing structural equations, each of which isa DMM.

1. Since the most effective methods (from those described in the literature) for assessing the statis-
tical relationship have been developed in relation to linear dependencies, and the real dynamics of the
socio-economic process is usually described more successfully by nonlinear functions of a multiplicative
and power-law form, the initial information for all variables is dependent and independent (pre-selected
and analyzed from the point of view of the closeness of the statistical relationship), is subjected to loga-
rithm to the base of the natural logarithm, followed by the calculation of the first differences of the index
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series. This operation further enhances the random nature of the distribution of chain indices. That is, the
calculation is carried out

m{YP}-In{y{t =@t m{x P -In{x {0} ={xP}. (4)
2. At the second stage, to take into account the aggregated features-factors in dynamics and exclude

autoregression from the corresponding values of chain indices { y;fc)} , {xﬁz)} , obtained by the formulas

from Eq. (4), time trends are excluded. At the same time, analytical alignment is carried out over two
homogeneous periods from the point of view of the characteristics of the development of regional health
care (different configuration of time trends), in the specific case of the dynamics of meso-indicators of
PC: those are 2005—2008 and 2009—2019. With a more preferable length of the time series system (say,
from 1991 to 2020) and under specific conditions of periodization of dynamics, the number of sub-periods
identified can be greater. The aggregates of residual deviations from their time trends in the form of linear
functions are marked from above with the mathematical sign “wave” (~, i.e. the upper tilde):

D=1 @) =100 {xi ) = (6)) = {50} (5)

3. At the third stage, there is the estimation of the degree of linear correlation of residual deviations
from time trends in subsets from Eq. (5) and calculation of the so-called net coefficients of elasticity {ajk} in
the equations of multiple regression of the dependent variable on explanatory variables as a column matrix
of regression parameters.

At this stage, various estimation methods are applied and sequentially analyzed-generalized OLS ac-
cording to Aitken A.C. [10], in which the covariance matrix of the vector of random variables is estimated,
and two-step OLS according to H. Theil [8, 15], by which the reduced form is simultaneously estimated.
Individual dependencies are preliminarily evaluated as equations belonging to the recursive system.

Although these estimates {E [LS (ajk )]} are not fully consistent and unbiased, they nevertheless give

a general idea of the order of magnitude of the pure coefficients of elasticity, therefore their calculation is
very useful as characteristics of the comparative sensitivity of variability of features-factors. At the same
time, on their basis, it is possible to obtain the values of the coefficients of determination for each of the
structural equations to clarify the explained variability of the features-factors taken into account in the
modeling.

4. At the fourth stage, each structural equation of the model provides elements of dynamism not on-
ly by introducing time trends into the model, but also by aggregated factors (for example, the official
percentage of excess mortality under Covid-19, drug pricing, deepening of the economic crisis, inflation
expectations [22] transfers from the federal budget, etc.), taken into account at this stage by the authors of
the article using a special method.

5. Calculations of the fifth stage provide for the calculation of special statistical indicators and criteria
for the reliability of the parameters of the model based on deviations from Eq. (5), and verification of sta-
tistical tests and hypotheses: the normalized coefficient of multip}e correlation for the entire retrospective
period R ); coefficient adjusted for the random sample size (Rm ); R. Fisher’s corrected theoretical ra-
tio gmep ; empirical Durbin-Watson test (DW5). These estimates involve intermediate calculations for
the 3" and the 4" stages of modeling.

6. At the sixth stage, the forecast values of the variables are verified (a set of indicators for the devel-
opment of the health care system and population statistics) given by the model based on the actual data
of years of the quasi-retrospective period, i.e. for the years that have already been reported. Such a check
reveals (or not) the appropriate predictive capabilities of the model for each of the scenarios considered in
this study. Thus, the proposed model for analyzing and forecasting the expected (upcoming) average life
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expectancy of the entire PC population can successfully serve as a tool for prescheduled calculations for
2021—2023 and development of a strategy for the development of the health care system of the studied
federal subject for a more significant perspective.

7. At the seventh and last stage, when various values of predetermined (mainly exogenous) variables are
introduced into the corresponding structural equation, they can be “played” by the capabilities of infor-
mation technologies on good-quality application packages of the latest generations such as SPSS-16 and
Statistica-11 forecast options for the constructed model in the general structural shell. Further, the optimal
scenario of development from the point of view of the successful functioning of the studied healthcare
system is selected. When setting the variant values of variables for the forecast horizon, it is advisable to
involve expert assessments of relevant specialists as an auxiliary material in measuring the ranks and ratings
of risks [17] and threats.

Carrying out calculations at the last stage, it should be borne in mind that the assignment of alternative
options for values for a number of variables associated with the creative planning-variative activity of PC
controls allows you to quantitatively measure the comparative effectiveness of individual levers of pro-
grams, concepts and strategies of the socio-economic development of the territory and their cumulative
impact on the life expectancy of an average Permian. It is not only the main socio-economic indicator of
the development of the territory, but also the target indicator, as well as the national goal.

Let us list the endogenous and exogenous variables, used in this modeling content, with their conven-

X, , — Tax revenues to the regional budget at current prices in the i'" year;

5

xl(’3) — SME turnover in comparable prices in the i year;

yé’{ — Expenditures of the regional budget for the development of the health care system in comparable
prices in the i'h year;

(i

ng — The volume of funds of the regional VHI system in comparable prices in the i* year;
xgl)z — The size of the PC budget deficit in comparable prices in the i year;
xg; — The average annual population of the PC in the i year according to the official statistical report-

ing until 2019%;
y§’2 — Expenditures for the development of the PC healthcare infrastructure in comparable prices in
the i*" year;

xglf V_ Interbudgetary targeted transfers in comparable prices in the previous it" year;

yé(‘lz — Contributions to the OMS PC fund in comparable prices in the i'" year;

xﬂ — The level of general morbidity in the region in the i year;

xgi)z — The volume of paid medical services for the PC in comparable prices in the i*" year;
0

X4 ; — Comparative index of retail prices for medicines and medicines from the List of vital and essen-
tial medicines for medical use?* in the retail and hospital network of the PC in the i*" year;

yglz — The upcoming (expected) average life expectancy of the region’s population in the i'" year;

2 The indicator of the average annual number in the PC is taken into account, since all the characteristics of natural population decline are
assessed precisely against this initial base.

2 Decree of the Government of the Russian Federation of August 12, 2020 No. 1212 “On Amendments to the Rules for the Formation of Lists
of Medicines for Medical Use and the Minimum Range of Medicines Required for the Provision of Medical Care”. URL: https://www.garant.ru/
products/ipo/prime/doc/74411004/ (date accessed: 01/10/2021).
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1

— The birth rate in the region in the i year;

)
)
2

B

x;
(

X; 5, — The mortality rate in the region in the i™ year;

xggl) — Infant mortality rate® in the region, that is, throughout the territory of the subject of the feder-
ation the Perm Territory, in the previous i*" year?.

Let us give a schematic architecture of the linearized structural equations of a complex of dynamic
multifactorial models of the development of the PC health care system in the statistical assessment by
systemic methods, namely, DMSS, for the specified retrospective period 2005—2019 with periodization
of the dynamics by a system of coupled time series with verification for 2020 and a random component & i
for each individual isolated equation from the system. l

1. Budget revenues of the studied subject of the Federation (Perm Territory):

(i _ (i) (i) (i) y
= @ toanxy; ot oanx, toax; +oa G-t + glt,-’

(0.00587)  (0.711)  (0.679)  (0.951)  (~0.00174)

y

R, =0.8815 R =0.8417; F

m meop

=1.41; DW, =2.03. (6)

2. Expenditures of the regional budget for the development of the health care system:

0o (i) (0) (0) (i) P
LT Gy TGyt GyX) T 4,30, 0 4,X%5 + a\l -] + ‘tazt,’

(0.00302) (1.297) (-1.124)  (-1.876) (0.0217) (—0.00544)

R =0.9475; R =0.9308; F

meop

=1.15; DW, =2.009. (7)
3. Expenditures for the development of the regional healthcare infrastructure:

(B _ (1) (i-1)
Vai = Gy T oayx) a5,

+ a3,3y1(,11) + a3,4yglj+ a3,t(ti_ti) + &

(0.00176)  (0.732)  (0.301)  (1.126)  (0.434)  (0.00598)

Rn=0.9593; R =0.9418; F

meop

=1.13; DW, =1.94. (8)
4. Contributions to the regional compulsory medical insurance fund:

i i-1
yg} = Quy * a4,1)’§,1)

(0.00319) (0.776)  (0.802)  (0.486)  (0.612)  (0.877)

(i) (i) (i-1) (i)
tooau X, T auaX,, Tt A%, T oa,5%; t

5

% In the Volga Federal District, the PC in terms of infant mortality, i.e. the number of children who died before the age of 1 year per 1,000 live
births was 4.7 %o in 2018, and 5.2 %o a year earlier. In 2019, the indicator dropped to 4.6 %o, but it is significant that 65.90% of the total number
of babies who died before the age of one year were children of the first month of life [26]. In the countryside, this indicator is much higher. In
recent years, the methodology for calculating the infant mortality rate K, . has undergone certain changes. Now this coefficient is measured as
the sum of two components: the first is the ratio of the number of deaths up to a year in the current year ml(') from the generation of those born
in the current year to the total number of those born in the considered year (V,); the second is the ratio of the number deaths under one year in (tgle

curr(eﬂ{lt year from the generation of those born in the previous year (ml(u)) to the total number of births in the previous year (N,): K =0
m

inf.mort N +
1

e
NO

2 The program “Development of children’s health care in the Perm region, including the creation of a modern infrastructure for the provision of
medical care to children”. Approved by the Resolution of the Government of the Perm Territory dated June 17, 2019 No. 411-p. http://docs.cntd.
ru/document/561434147 (date accessed: 02/08/2021).
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+ a4,,(tl.—2,-) + Sy
(—0.00072)

R, =09336; R, =0.8953; F

meop

=1.26; DW, =1.82. 9)
5. The upcoming (expected) average life expectancy at birth for the entire population of the region:

1

(O (i-1) (i-1) (
Vsi =asg t A5,)4, + as,)s + a3,

(0.00411) (0.523)  (0.621)  (0.194)  (0461)  (-0.543)

) (i) (i-2)
1T AsXs) 0 dss)s +

B

(i) (-1 p
AseXs, + aspXs30 +oas\L—ti) + 5,.4[1,

B

(-0.628)  (-0.124)  (-0.00102)

R, =0.823; R =0.789; F

meop

=1.03; DW, =1.28. (10)

Discussion

Depending on the chosen development scenario, a three-year plan for improving the infrastructure of
the region, providing for the development of more than 8 billion RUB budget funds and the commissioning
of 24 healthcare facilities by the end of 2023 may be subject to significant adjustments. So, the optimistic
version of the development of the system will allow the restoration of the previous specialized emergency
teams, including cardiology, to those that remained in conditions of limited funds and a pandemic — lin-
ear, intensive care, children, etc. psycho-brigades. The medical personnel of the ambulance service from
the units, operating at the end of 2020 are simply not able to provide assistance in serious cases: clinical
deaths, pulmonary edema, road accidents, heart attacks. The number of calls per day dropped?’. Adjust-
ment of scenarios may even affect facilities built in the PPP regime over the years.

2021: Surgical building of the hospital, Tverie; Hospital for Infectious Disease; New building of the
regional oncologic dispensary; Medical building in Cherdyn; Medical building with a polyclinic in S. Yur-
la; Children’s polyclinic in Kudymkar; City Clinical Polyclinic in Perm; 3 children’s polyclinics in Perm.

2022: Children’s polyclinic in Perm (Motovilikhinsky district); Regional hospital complex in Polazna
settlement; Children’s polyclinic in Tchaikovsky; Polyclinic in S. Siwa;

2023: Hospital of the regional psychiatric hospital in Perm; Surgical complex in Kudymkar; Psycho-
neurological dispensary in Perm; Polyclinic phthisiopulmonary building in Perm; Medical diversified
building in Perm.

With the total amount of funds allocated for three years under the optimistic scenario of the development
of the healthcare system in the amount of 180 billion RUB, the number of doctors per 10 thousand of the
population of the region will be 37.8, which by the end of 2023 will exceed the level of provision in the Volga
Federal District (with the respective number of 36.1) and even in the Russian Federation (at the level of 37.6).
At the same time, the Program envisaged to increase payments to zemstvo doctors and zemstvo paramedic by
about 2 times in comparison with 2020 (up to 2 million RUB and 1 million RUB, respectively) in the frame-
work of the same optimistic scenario for the development of the PC health care. The universal indicator of
the improvement of the health care system (target indicator) chosen by the authors of the article in their study
made it possible to simulate predictive calculations in Eq. (10) for three selected scenarios for the period of
2021-2023, which is reflected in Table 2. For comparison, in the northern capital, it is envisaged to finance
the city health system and the pharmaceutical industry in the amount of 122 billion RUB only for 2021,
which exceeds 16.0% of all expenses, however, there is a deficit budget of the federal subject.

27 URL: https://59.ru/text/health/2020/12/30/69672816/. (date of access: 18.01.2021).
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Table 2. Dynamics of the expected (future) life expectancy at birth of the entire population
of the Perm Territory when modeling a scenario forecast for the period 2020—2023

No. Name Forecast scenario

p/p indicator pessimistic* (su:l):isl:f?lll) 4+ | optimistic***
1 2 3 4 5
1 Life expectancy at birth, years 2020 (Born 1947) year 73.2 73.9 74.4
2| 2021 (Born 1948) year 73.2 73.9 74.5
3 2022 (Born 1949) year 73.1 74.0 74.5
4 | 2023 (Born 1950) year 73.2 74.1 74.6
5 | p-values at 5% significance level 0.000347 0.000211 0.000076
6 T?e coefficient of determination according to the model from Eq. (10) 67.73 68.91 68.35

d, %
7 | Standard error, % 0.307043 0.312874 0.313950
8 | The autocorrelation coefficient of the residual values , —0.24754 —0.23965 —0.24113
9 Empirical Durbin-Watson coefficient DWW 2.7133 2.45321 2.54498
Note:

— the number of observations n = 16, taking into account the year used for verification;

— scenarios in relation to this indicator can be conventionally named as options: * “Kazakh”; ** “Belarusian”; *** “Latvian”.

Conclusions

According to the authors of the article, scenario modeling gives a chance to increase the sustainability and
improve the flexibility of business design for almost any business structure and management system. But even
an economic-statistical model of a sufficiently large dimension, however, which does not possess the declared
flexibility to the external and internal habitat of the object under study, will be characterized by excessive re-
source intensity, adjusted for crisis circumstances, and increased vulnerability to threats and risks.

Optimally flexible models of the corresponding variant of the scenario approach, on the contrary, sig-
nificantly increase the possibilities and effectiveness of strategizing, since they do not exclude delays in
making those managerial decisions that are fatal for the PC population. The authors believe that scenario
forecasts of the functioning of the mechanism for managing the national health care system and measures
to increase the average life expectancy of Russians belong to such managerial decisions of the national
level. However, we should admit that the proposed model of life expectancy does not include the factors of
influence of the Covid-19 pandemic, which will certainly lower the predictive estimate of the target.

During the first part of the research, the authors chose the following:

1. Health care was selected as the most balanced indicator of improvement and effectiveness (in terms
of the speed of its manifestation) of the functioning of any system, be it federal or regional. The average
expected (future) life expectancy of a Russian was studied as such an indicator.

2. A multistep algorithm for the implementation of the scenario approach was reasonably chosen when
developing three options (under the influence of a multitude of taken into account signs-factors) of the
development of the research object and making an appropriate managerial decision on a particular finan-
cial-economic and / or socio-economic situation / problem (Fig. 2).

3. In the course of the correlation-regression analysis and assessment of the measure of the close-
ness of the statistical connection, a group of features-factors under consideration, interdependent and
forming the level of technical, economic and demographic indicators of the studied region for the period
2005—2019, was selected. The list of the features-factors selected for modeling, including those with the
set time lag, is given on pp. 25—26.
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4. Five equations of multiple regression were constructed according to the modified method of
V. Shvyrkov—A. Tsatsulin, which were combined into a system representing a single dynamic multifactor
model of the main indicators of the development of the PC healthcare industry. The numerical parameters
of the conditionally independent parameters of this model on p. 26 show how the net elasticity coefficients
were estimated using the two-step least squares method (LLS) based on the advanced SPSS-16 software
package.

5. Based on the results of statistical multivariate modeling and forecasting in the medium term, esti-
mates of the target indicator and the national goal, the expected (future) life expectancy of the PC popula-
tion, were established as a balanced indicator in this study. The calculation results are presented in Table 2.

Directions for further research

In continuation of this study, the authors of the article suggest the following.

First, after waiting for the official statistics of meso economic indicators for the PC for 2020, they will
first carry out verification comparisons of predictive calculations using the author’s model from a system
of five simultaneous dynamic equations of multiple regression of linear forms from expressions (6) + (10).
If necessary, the net elasticity coefficients will be adjusted for independent variables, and already with the
adopted amendments, the forecast of the main characteristics of the PC territory for the another impend-
ing three years will be made within the framework of the scenario approach to the development of the
regional health care system, taking into account its specifics.

Secondly, the study of the impact and consequences of the Covid-19 pandemic on the PC economy is
of particular interest to the authors of the article. For 17 months of attention to the coronavirus infection,
that ruined Russian open spaces, a rich and interesting statistical material has already been accumulated.
The authors intend to skillfully and correctly analyze this database in order to improve the methods and
technologies of strategizing when using the scenario approach for making certain management decisions.
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In the era of knowledge economy, knowledge is gradually replacing land, labor and capital as the
main resource of economic development, the source of innovation, and the foundation for forming
the major competitiveness of organizations. Organizational knowledge can be divided into explicit
knowledge and tacit knowledge. Explicit knowledge can be stored and transmitted through information
and network technology, while tacit knowledge must rely on the interaction between people and the
organization to achieve the results of transmission, sharing and effective conversion. The effective
management of tacit knowledge has an important influence on sustainable development of the
organization. The main goal of this article is to improve the efficiency of sharing and conversion of tacit
knowledge within the organization. In the research on tacit knowledge management, the SECI model
of tacit knowledge conversion proposed by Nonaka is designed to convert tacit and explicit knowledge
into each other through the process of socialization, externalization, combination and internalization.
This cyclical conversion has formed a spiraling process of knowledge innovation, which provides a
model and theoretical basis for the effective management and utilization of tacit knowledge. Through
the SECI model we can find that in the process of externalization, the members of the organization
and the organization itself convert tacit knowledge into explicit knowledge. In this process, the overall
major competitiveness of the organization has been enhanced, but for the members of the organization
as the subject of tacit knowledge, it may mean the loss of their core value. From the economic
perspective, these mutual relations essentially reflect the conflict between the interests of individuals
and organizational interests. Therefore, a mathematical model can be created from the perspective of
game theory to study the problem concerning knowledge conversion within the organization, which
is aimed at the prisoner’s dilemma, as well as to design the incentive mechanism of tacit knowledge
conversion within the organization for the purpose of changing the strategic equilibrium and realizing
the effective management of tacit knowledge in the organization.
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B smoxy 3KOHOMWMKM 3HAHWIA, 3HAHUS MOCTENIEHHO 3aMEHSIOT 3eMJII0, TPYA M KaruTajl B Ka-
YecTBE OCHOBHOTO pecypca 9KOHOMHUYECKOIO pa3BUTUsI, UCTOYHUMKA MHHOBALIMI U OCHOBBI JJIsI
bopmMupoBaHuS AIpa KOHKYPEHTOCITOCOOHOCTH opraHu3annii. OpraHu3allMOHHbIE 3HAHWSI MOXKHO
pas3fequTh Ha SIBHbIE U HEsIBHbIC. SIBHBIE 3HAHMUSI MOTYT XPAHUTHCS U TepeaaBaThCsl ¢ TTOMOUIBIO
MHGOPMALIMOHHBIX U CETeBBIX TEXHOJOTUI, B TO BpeMsl KaK HesIBHbIe 3HAHUS JOJKHBI TI0JI1araThCst
Ha B3aMMO/JIEICTBME MEX/Y JIIOAbMU U OpraHu3aiueit ajist JOCTUXEHUSI pe3yIbTaToOB Mepeaadyu, co-
BMECTHOTO MCITOJIb30BaHUS U 3 (HEKTUBHOTO Mpeodpa3oBaHus. DGGeKTUBHOE YIIpaBIeHUE HEsIB-
HBIMM 3HAaHUSIMM OKa3bIBaeT Ba’kKHOE BJIMSIHUE HAa YCTOMUMBOE pa3BUTHE opraHusauuu. Lleab aToi
CTaThU - MOBBICUTH 3(H(HEKTUBHOCTH COBMECTHOTO IMOTPEOICHMS U TTpe0Opa30BaHUs HESIBHBIX 3HA-
HUIi B opraHu3anuu. B uMccienoBaHuu yrnpaBieHUs] HESIBHBIM 3HAaHMEM MOJEIb TPeoOpa3oBaHUs
HesBHoro 3HaHus SECI, npemnoxenHass Honaka ., 3akiouaeTcs B MpeoOpa3oBaHUU HESIBHOIO
3HaHUS B SIBHOE U HA0OOPOT MOCPEACTBOM Mpoliecca colManun3aluu, SKCTepHaIu3auuu, KoMou-
HalMU U MHTepHAIU3aUUU. DTa UUKINYecKas TpaHcopmauusi chopMupoBaia CiupaibHbIiA MTPO-
11ecc MHHOBalMi B 00J1aCTU 3HaHUH, KOTOPBIN 0OecrneyrnBaeT MOJIeIb U TEOPETUUECKYIO OCHOBY TSI
3(ppeKTUBHOrO yrnpaBieHUs 1 MCIOJb30BaHUs HesaBHBIX 3HaHUi. C momombio Momenu SECI Mol
MOXXeM OOHApYXKUTbh, YTO B MPOIIECCe IKCTEPHAIMU3AIMMN OPTAHU3ALIUS U €€ YWIEHBI OCYIIECTBIISIOT
npeobpa3oBaHue HESIBHOIO 3HaHUS B siBHOe. B aToM mpoiiecce o0111asi OCHOBHasi KOHKYPEHTOCIIO-
COOHOCTh OpraHM3alluy MOBbICUIACh, HO ISl WIEHOB OpraHu3alyu Kak o0beKTa HEesIBHOTO 3Ha-
HUS 3TO MOXET O3HayvaTh MOTEePI0 CBOel OCHOBHOM 1HeHHOCTU. C TOUKU 3peHUs] SKOHOMUKHU, ITU
B3aMMOOTHOIIIEHUSI, TI0 CYLIECTBY, OTpaxaloT KOHMIMKT MeXAY MHIMBUAYaJTbHBIMU MHTEPECaMU
1 MHTepecaMy opraHu3anuu. TakuM o6pa3oM, MOXKHO CO37aTh MAaTEMaTHYECKYIO MOJIENIb C TOYKHU
3peHUS TEOPUM UTP ISl U3yUeHUs TTPoOJeMbl MPpeoOpa3oBaHUsI HESIBHOTO 3HAHUSI BHYTPU OpraHu-
3allMu, HalleJIEHHOW Ha AUJIeMMY 3aKJII0YeHHOTO, a TAKXe ISl pa3padoTKU MeXaHU3Ma MOOIIPEeHUs
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Introduction

World Economic Forum held in Davos in 2016 introduced the concept of the Fourth Industrial Revolu-
tion. The Fourth Industrial Revolution relies on artificial intelligence, big data and the Internet, considers
the development of science and technology as an important force for economic growth, formation of In-
dustry 4.0 leads to growth of knowledge economy [1]. Knowledge-based and technology-based enterprise
organizations are adapted to the needs of the Fourth Industrial Revolution and become a new growth point
for the country’s economic development in the future. From the perspective of knowledge management,
improving the core competitiveness of organization has also become the focus of scholars. In the era of
knowledge economy, knowledge has become the main production factor that promotes economic growth.
There are many categories of knowledge. From the perspective of epistemology, knowledge is divided into
explicit knowledge and tacit knowledge. Since Michael Polanyi proposed the concept of tacit knowledge
in 1958, different scholars have carried out research on tacit knowledge from different fields. Research on
tacit knowledge points out that tacit knowledge accounts for 90% of all knowledge in any organization [2],
and knowledge that can be expressed in words and numbers is only the tip of the entire knowledge iceberg.
At the same time, according to the modern strategic theory, the competition of enterprises has gradually
evolved into competition of knowledge capital, knowledge as a strategic factor in accomplishing a sus-
tainable competitive advantage is regarded as power [3]. Especially tacit knowledge capital, which is not
only an important foundation for organization members to maintain their competitiveness, but also a core
resource for organizations to create competitive advantages. A research based on externalization shows
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that knowledge is the most important piece of business competitive advantage and that tacit knowledge is
a key part of that knowledge [4]. It can be seen that the effective management of tacit knowledge within
an organization plays a vital role in improving the core competitiveness of knowledge-based and technol-
ogy-based organizations.

The purpose of this paper is to establish a game model for organizations and employees by externalizing
tacit knowledge based on the summary of the different tacit knowledge characteristics. In the game pro-
cess, we can simulate the behavior of the organization and employees as well as analyze the reasons for
inefficient conversion of tacit knowledge into explicit knowledge within the SECI model. In response to
the phenomena, the authors further propose recommendations for the organization to establish incentive
mechanisms in the process of externalization, so that the SECI knowledge creation model can have more
practical application value in the development of high-tech and knowledge-based organization.

Research methods

The instrumental basis of this paper is the method of literature research and game theory model. One
basic condition for organization to effectively manage tacit knowledge is to externalize the tacit knowledge
of employees. In this process, there is a prisoner’s dilemma involving provision of public goods by private
individuals. This article establishes a repeated dynamic game model on this issue, and discusses the con-
version of tacit knowledge under the Nash equilibrium from the perspective of employees’ personal payofts
and overall payoffs of organization.

The concept and characteristics of tacit knowledge

Based on the problems covered in this article, we mainly focus on Polanyi’s knowledge classification,
namely explicit knowledge and tacit knowledge. Polanyi believed that explicit knowledge is a type of
knowledge that can be expressed with various explicit symbols, i.e., in words, diagrams, and mathe-
matical formulas. Tacit knowledge can be defined as skills, ideas and experiences that people have, it is
non-codified and is difficult to express [5]. Explicit knowledge is information that can be expressed in
language and it can be transferred and communicated in a formal, systematic and structured manner,
such as organizational procedures, rules, scientific equations, manuals, etc. Compared with explicit
knowledge, tacit knowledge is an unconventional form of knowledge, so it is not perceivable. Tacit
knowledge is personal knowledge. It is rooted in actions, procedures, commitments, values, and emo-
tions. In other words, special experience is needed in order to communicate tacit knowledge through
observation and imitation. Drucker believes that tacit knowledge cannot be explained by words, and can
only be demonstrated to prove that it exists. The only way to learn tacit knowledge is to comprehend
and practice [6]. He also believes that tacit knowledge is derived from experience and skills and must be
acquired through practice.

According to the literature research, tacit knowledge has the following characteristics:

1. The individuality and embodiment of tacit knowledge

Tacit knowledge has characteristics unique to individuals [7], cannot be used to communicate with
others, and is embedded in personal behavior in special situations. Nonaka and his colleague believe that
tacit knowledge is a form of personal knowledge [8].

2. The tacitness of tacit knowledge

Tacit knowledge is closely related to actions. For example, apprentices can only rely on practice to ex-
plore the master’s operating know-how and experience. Technological tacit knowledge is created through
personal behavior and direct experience "here and now" [9]. Tacit knowledge is a process of intelligence
and cognition. It can neither be expressed nor publicly shown, but it can be implied or simply understood.
Specifically, work involving highly tacit knowledge tends to involve practical, action-oriented know-how
that is difficult to articulate, that is acquired only through personal experience, and is seldom expressed
openly [10].
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3. The empirical nature of tacit knowledge

Tacit knowledge is a term referring to knowledge gained based on experience, characterized by the fact
that it is not formal and is process-based in nature [11]. Tacit knowledge is created in experience and stored
in the form of individual ability. Although tacit knowledge is past experience, unconscious application of
tacit knowledge by the individual does not require long-term thinking. In the context of emerging public
health incidents, tacit knowledge as individual’s past experience has a wide-ranging impact for building re-
silient and responsive health systems [12]. Since tacit knowledge is obtained through practical experience
and observation in various environments, it is often called empirical knowledge.

4. The difficulties in spreading and sharing tacit knowledge

Tacit knowledge is difficult to obtain, transfer, share and manage. An incentive mechanism can make
the enterprise employees share their inner individual tacit knowledge, which in turn, makes the shared
knowledge explicit, transfers the explicit knowledge into assets, and finally translates the asset knowledge
into incomes [13]. In practice, tacit knowledge sharing between employees is rare, firms should employ
various methods to facilitate the intrinsic motivations to promote sharing [14]. Tacit knowledge is not only
the most difficult to share and keep in organizations, but also rightly perceived to be the most valuable
knowledge asset owing to its contextualized and experience-based nature [15].

5. The monopolization of tacit knowledge

The monopoly of tacit knowledge is evident in that it is obtained not through words, images or other
knowledge [16]. It is accumulated in long-term practice by individuals who have invested time, experi-
ence, material, etc. Therefore, tacit knowledge has value, the individuals within an organization may have
a strong monopoly on some kinds of rarer tacit knowledge [17], especially when monopoly knowledge can
bring core competitiveness and additional economic returns, the same is true for organizations with tacit
knowledge.

The influence of tacit knowledge on the core competitiveness of organizational development

In the field of economics and management, research on the interconnection between tacit knowledge
and the core competitiveness of organization has also attracted widespread attention of scholars. Lubit
proposed the importance of tacit knowledge in enterprises, and believed that the competitive advantage of
enterprises does not come from resources and markets but from the tacit knowledge of enterprises [18]. The
importance of tacit knowledge has been pointed out in relation to decision-making, time-management,
quality and competitiveness in organizations. Tacit knowledge is the most strategically important resource
of an organization [19]. Okuyama believes that tacit knowledge plays an important role in incremental
innovation through the study of drug discovery cases, and companies should pay more attention to the
contribution of tacit knowledge in problem solving related to incremental innovation [20]. Many studies
have shown that when explicit knowledge is identified by other competitors, an organization can only gain
its competitive advantage by evaluating its tacit knowledge. The organizations should be conscious about
the importance of the tacit knowledge the employee possesses for the development of the organizations
[21]. In his book, Nonaka described in details the importance of tacit knowledge for the company’s success
[22]. He believes that in a dynamic and rapidly changing environment, the ability of an enterprise to gain
a competitive advantage depends on its ability to continuously examine various factors in its internal and
external environments. The only way to do this is to focus on the knowledge created by the individuals in
the organization. Knowledge creation leads to continuous innovation, and continuous innovation brings
competitive advantages. The creation and conversion of organizational knowledge becomes a necessary
condition for the survival and development of enterprises. Therefore, Nonaka proposed a SECI model,
the core content of which is how companies can establish an organization based on knowledge innovation
through the process of mutual conversion between tacit knowledge and explicit knowledge. This article
focuses on the conversion process of externalization. The externalization process is mainly the explicit
description of tacit knowledge and conversion of it into an easy-to-understand form. Through metaphors,
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analogies, diagrams, concepts and models, the tacit knowledge that can be made explicit is clearly ex-
pressed in concepts, etc., so as to implement the conversion of tacit knowledge into explicit knowledge.
Externalization is an important way to expand the scope of tacit knowledge flow and conversion, as well as
to realize enterprise knowledge creation.

Implementation of tacit-to-explicit knowledge conversion

By developing a semantic web platform, it can capture the domain experts’ tacit knowledge and allow
collaboratively annotating experts’ knowledge in a computer interpretable format to form common explic-
it knowledge that can be shared and reused by human and machines [23]. Olaisen and Oivind conducted a
longitudinal survey study of two teams of staff employed with a Norwegian manufacturer. Through rotating
role mechanism and socialization process they successfully encouraged the team members to convert their
tacit knowledge into collective explicit knowledge, and the innovation results have been achieved within
a certain period of time. The authors prove that the conversion of tacit knowledge into explicit knowledge
helps increase efficiency and effectiveness in knowledge-intensive corporations [24]. Some scholars had
proposed to build a knowledge base to replace human expert query system with the use of intelligent search
technologies and chatbots, thereby increasing the efficiency of tacit knowledge externalization [25].

Knowledge management and game theory

Game theory was proposed by Von Neumann and Morgenstern in 1944. It mainly studies the game sub-
ject behavior, i.e., how each subject selects strategies to maximize its utility and an effective way to reach
equilibrium [26]. Game theory is the method of studying the phenomenon of struggle or competition, and
it is widely used in biology, economics, international relations, computer and political science, military
strategy and in many other disciplines. The research method of game theory is to abstract basic elements
from complex phenomena, analyze the mathematical model composed of these elements, and then grad-
ually introduce other factors that influence the development of this phenomenon for reanalysis, and finally
obtain the corresponding research results. In the application of knowledge management, Jiang and Xu
established a nonlinear evolutionary dynamic game model to explore the impact of structural changes on
the tacit knowledge sharing behavior of IT R&D team. They believe that managers can only strengthen the
reward system or reduce sharing costs, and only when a certain critical threshold is reached, the effective-
ness of knowledge sharing will be significantly improved [27]. Li set up a dynamic cooperative game model
to reveal the strategic characteristics of knowledge sharing between knowledge transferors and knowledge
recipients, and evaluates the role of institutional constraints and incentives in promoting knowledge shar-
ing [28]. Qin and Wang regard the organization as a system, applying the multi-agent systems to consider
the games among individuals and between the individuals and the organization based on their different
payoffs, and explain the tacit knowledge sharing mechanism between individuals and organization. They
believe that individual tacit knowledge can be converted into an organization’s explicit knowledge through
socialization and effective integration, and some can be converted into individual tacit knowledge, and
eventually, forms organizational culture [29]. Based on the constituent elements of the psychological con-
tract when members participate in knowledge collaboration, some scholars use game theory to establish a
cost game model and profit-sharing game model for practical knowledge collaboration [30].

Game Model of the Externalization

According to the characteristics of tacit knowledge, the process of externalization is not necessarily
sufficient, which will ultimately affect the efficiency of knowledge creation in the organization. Members
of the organization choose confrontation or cooperation in the conversion of tacit knowledge depending
on whether the interests of all participants are consistent. This article suggests that it is necessary to estab-
lish an effective incentive mechanism from the perspective of game theory to take advantage of the tacit
knowledge of organization members.
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Fig. 1. Game Matrix of Externalization within organization

Due to the fact that the knowledge of employees in the organization is inseparable from them, and most
of it is invisible and uncoded personal knowledge, experience and skills are accumulated by employees in
long-term work practices. If their tacit knowledge can successfully be converted into explicit knowledge of
the organization through externalization, it can increase the overall knowledge stock of the organization,
and then enable the organization to obtain continuous innovation capabilities and competitive advantages.
Therefore, the smooth conversion of employees’ personal tacit knowledge into the organization’s explicit
knowledge is the key to the improvement of organizational knowledge stock, which in its turn depends on
the aspiration of employees. Through the dynamic game analysis between the organization and its employ-
ees, this paper establishes a dynamic analysis model and incentive factor based on employee incentive and
restraint mechanisms as shown in the Fig. 1. The two players of the game are: organization and employee.
There is information asymmetry between the two parties, and the employee is the player which captures
the information advantage; the employee’s actions are based on the organizational behavior; the organ-
ization has two strategies in terms of employees’ aspiration to convert knowledge: incentive and non-in-
centive strategies; according to the organization’s strategy, employees can choose one out of two strategies,
namely, positive or negative conversion of tacit knowledge.

i and ip — the probabilities of converting tacit knowledge when employees are negative and positive,
0<i <i<l

C — the cost of employees converting tacit knowledge, C > 0;

V — the value created by employees for the organization after their own tacit knowledge is externalized,
V>0;

o — the incentive factor when the organization motivates employees, i.e., a part of the value V created
by employees for the organization, 0 < o, < 1;

W — the basic income of employee.

When the organization’s strategy is non-incentive, because W — C < W is constant, employee will
choose to be negative at this time, and the final equilibrium is non-incentive, negative. It is an inefficient
Nash equilibrium.

When the organization’s strategy is incentive, whether employee will positively convert tacit knowledge
depends on the size of his or her own benefits: if aipV +W—C>ai V+ W, employee will choose to be pos-
itive, and the equilibrium is incentive, positive. It is an ideal Nash equilibrium. If aipV +W-C<aiV+

+ W, employee will not positively convert tacit knowledge even under incentive conditions. At this time,
the equilibrium is incentive, negative, which is also an inefficient Nash equilibrium. In this model, the
game between the organization and employee is regarded as one game behavior. The game between the two
players should be a continuously repeated process.
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Assume that the decision and behavior of the organization and employee are to maximize the sum of
the present value of their future payoffs. The payoffs of the two players not only depend on how to allo-
cate the value created by the employees for the organization in the current period, but is also related to
the existing knowledge stock accumulated by the employee through the conversion of tacit knowledge in
the early stage, the knowledge stock consists of the knowledge, skills, and abilities of employees [31]. The
more positive the conversion in the early stage is, the larger the accumulated knowledge stock will be, and
the more value is created for the organization in this period of time.

The following notations have been added to the new repeated dynamic model:

n — the expected working time of the employee in organization;

r, — the current discount factor;

Q, — the current explicit knowledge stock;

V, — the current value created by employee in converting own tacit knowledge;

E, — the current positive degree of employee in converting tacit knowledge;

9t — the contribution coefficient of the organization’s explicit knowledge stock to the current payoffs;

Q — the employee’s opportunity cost of working in the enterprise, which is equivalent to the employ-
ee’s social average personal income;

C, — the current cost of converting tacit knowledge by employee;

¢ — the employee’s degree of risk aversion (risk tolerance), ¢ > 0;

®? — the variance of the benefits obtained by the organization using new explicit knowledge.

In long-term cooperation, the objective function of the organization related to maximization of the
payoffs by determining the basic income of employee W and the incentive factor o is:

max [ (1) (77 (@) 00, (£, («)) -] (1)

In long-term cooperation, the employee takes appropriate actions according to the incentive factor o
to achieve the objective function of maximizing payoffs:

. | R S
maxZ(};{ocV,(E,(a)+6’tQt(Et_, (oc)))+W—§ocEt S o0 } )

The constraint condition for employee to participate in this game is:

maxzn:rt {th (Et (0)+60,0,(E_, (oc))) +W —%ocEf _%(pazoy} > Zn:rtQ. (3)

t=0

The incentive constraint condition for employee to participate in this game is:

E (o)=—. 4)

Substituting (3) (4) into (1), and then seeking the first derivative of o, the optimal solution is:

Zn:n(V[ +9tQt')

o =42 > 0.

Zn:rt (1+(pCt032)

t=0
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The results of research and their discussion

In this Nash equilibrium state, the incentive factor o is an increasing function of the accumulated
amount of explicit knowledge of the previous organization Q, its influence coefficient on organizational
revenue 0, and the marginal revenue V of the organization generated by the employee’s marginal conver-
sion of tacit knowledge. In other words, the level of incentives for employee in each period is positively cor-
related with 6 and V. When the marginal payoffs of the organization generated by the positive conversion of
the employee marginal conversion of tacit knowledge rises, the payoffs of the organization also increase. In
order to further motivate the employee to positively convert tacit knowledge, the organization will increase
the incentive factor o, accordingly, the payoffs of the employee will also grow, thus forming a virtuous
circle. In addition, the positive conversion of tacit knowledge by employees will increase the quantity and
quality of the organization’s knowledge stock, which will affect the organization’s subsequent competi-
tiveness. The level of incentive factor a stipulated by the organization will change the quantity and quality
of the organization’s knowledge stock by influencing employees’ enthusiasm, and will ultimately affect its
long-term operating activities. This shows that the incentives for employees should not only be linked to
the actual payoffs of the organization in the current period, but also should be linked to the increase in the
quantity and quality of knowledge stock within the organization.

At the same time, the incentive factor o is a decreasing function of the employee’s risk aversion degree
¢, the cost of converting tacit knowledge C, and the variance of the benefits obtained by the organization
using new explicit knowledge ®?. For employees, when the process of converting tacit knowledge is more
difficult, the uncertainty of the additional income brought by the conversion process is greater, and the
risk aversion degree of employees is higher, they are willing to take less risks. This means that employees
will require higher risk-free income when signing an incentive contract with the organization, but due
to the fact that organization is at an information disadvantage position concerning the cognition of tacit
knowledge, and the influence of explicit knowledge generated by externalization on the profit of the organ-
ization needs to be verified by time, organization can truly understand its value only after the application
of new explicit knowledge. It is unfair for organization to pay high risk-free income to employees from
the beginning. This phenomenon shows that it is difficult to reach an effective incentive contract between
the organization and employees at this time. Therefore, an effective incentive mechanism design should
not only connect employees’ income with the organization’s new benefits, but should also consider such
factors as employees’ risk tolerance and costs.

Conclusion

Based on the above analytical results of the tacit knowledge conversion game, managers can take a set
of effective incentive measures to ensure the smooth progress of tacit knowledge conversion.

1. Developing salary payment mechanism based on knowledge conversion contribution. The system
refers to linking the knowledge achievements that can determine the benefits in a short time with the cur-
rent income of the employees, and can motivate the employees through the issuance of salary and provi-
sion of bonuses. It is also possible to link the long-term income of employees with knowledge achievements
that are difficult to determine and are mainly realized in a long-term period, and to motivate the employ-
ees by giving stock rights and options to achieve the effect of extrinsic motivation.

2. Developing position promotion mechanism based on knowledge conversion contribution. The pro-
motion system means that employees who have not only achieved beneficial knowledge results, but also
have management capabilities, and are loyal to the organization can be motivated by promotion methods.
Employees who attach importance to fame can be motivated by the method of knowledge signature. For
example, a particular technology or marketing knowledge can be named after an employee in order to
inspire him/her. Employees can also be sent to high-level research institutes and universities for under-
going knowledge training. Through these methods, the effect of intrinsic motivation to employees can be
achieved.
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Tacit knowledge always exists depending on the subject of knowledge, and the subject’s willingness
determines the efficiency and results of tacit knowledge sharing and conversion. An effective incentive
mechanism is the driving force for the flow of sharing and conversion of tacit knowledge within the or-
ganization. Based on the analysis of the repeated dynamic game model of externalization by the SECI
model, this paper establishes the incentive factor, and proposes corresponding incentive mechanisms from
the perspective of intrinsic and extrinsic motivation. It is aimed at eliminating obstacles in the process
of tacit knowledge sharing and conversion among employees, maximizing personal and organizational
benefits, providing guarantees for the organization’s innovation and sustainable development, as well as at
consolidating the core competitiveness of the organization on the basis of effective management of tacit
knowledge.

Directions for further research

Due to the many different working groups in the organization, the authors will further use the evolu-
tionary game theory to examine the behavior of tacit knowledge sharing between different groups in the
framework of the dynamic process. The good tacit knowledge sharing within the organization (i.e., the
SECI model socialization process) is a prerequisite for further conversion of tacit knowledge into explicit
knowledge. The evolutionary game theory is based on the new theory of biological evolution, and its basic
content is that in a group of certain size the players are constantly engaged in repeated gaming activities.
Because of the presence of limited rationality, the players cannot find the best equilibrium point in each
game, so the best strategy is to imitate and improve the optimal strategy of itself and of others. Through this
long-term imitation and improvement, all players will tend to achieve a stable strategy balance. With the
help of evolutionary game theory, we can identify the reasons which affect strategical evolution during the
tacit knowledge sharing process within the organization, and continuously improve the systemic incentive
mechanism for organizational members.
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